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THE VISCOSITY OF SOLUTIONS OF NITROCELLULOSE, ETC. 819 


LXXXIX . — The Viscosity of Solutions of Nitrocellulose 
in Mixtures of Acetone and Water. 

By Irvine Masson and Robert McCall. 

HE viscosity of sols of ''soluble’' nitrocellulose in ether-alcohol 
ixtures has been studied by Gibson and McCall (./. Soc. Ghem. 
vL, 1920, 39, 172 t ). The work summarised in the present paper 
eals mainly with mixtures of nitrocellulose with acetone, pure and 
r^ueous, which are of interest from the point of view of their 
ehaviour as typical colloidal solutions. 

The viscosimeter used was that designed by Gibson and Jacobs 
this vol., p, 473), in which is measured the rate of fall of a small 
phere through the solution. 

For the experiments with dry nitrocellulose in anhydrous 
cetone, it is ne^cessary to dry the solvent by prolonged contact 
dth calcium chloride, followed by fractional distillation with 
xclusion of water vapour, owing to the marked effect of traces of 
noisture on viscosity. It is noteworthy that the crystalline com- 
)Ound formed between acetone and calcium chloride (compare 
3a<^ster, T,, 1914, 105, 494), which is soluble in anhydrous acetone, 
las a very marked effect in coagulating sols of nitrocellulose; thus 
icetone fully dried over calcium chloride, but separated from it 
Dv filtration alone, formed with 5 per cent, of nitrocellulose a stiff 
jelly having an apparent viscosity of 5000 C.G.S. units, whereas 
when separated from the calcium chloride by distillation, the 
acetone gave a mobile sol, the viscosity of which was 13 units. 
The presence of a little water largely counteracts this coagulating 
oTect. whence it a])])ears that hydrated calcium chloride differs in 
this respect from the acetone compound. This might repay 
investigation from the point of view of the coagulation of aqueous 
sols by electrolytes. 


For consistent result:- to be obfaiiuul. the mixtures must be 
nade up with the aitl of verv vigorous initial agitali()n. follower! 
>v nux'hanical shaking, until nnifin'initv ol composition is 
ittaineil: and in st tidying these i'mnlitions, it was tound th.at there 
a verv slow (lecreas 4 > nf viscodty with time, even after the 
diaking is ende<l. With ether ab-olio] >ols, a much more rapid 
effect in the opposite direction was obscrve<l by Gil>S('ui and McCall 
VOL, eXVU. I 1 
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(he. cit.), and sucli changes have often been noticed with other 
colloidal systems. 

Further measurements hqgre therefore been made with acetone 
and with mixtures of ether and alcohol. With acetone, either 
anhydrous or aqueous, the viscosity rises rapidly within a few 
minutes of mixing to a maximum value, and then falls very 
gradually, and the same is found to be true with the particular 
mixture of ether and alcohol in which the nitrocellulose has its 
lowest viscosity. The more widely, however, the composition of 
this solveiit deviates from this " optimum ” value, the longer is 



]{o}ir^ at 1;') . Pir ant. u’aierni 

{soh'i nt, 

Foi. — Kffect of 
ivattr on viacoulhi 
inaertone. fSitro- 
a llulosR lOijfdmjf; 
nofvnit, lUUfjraiits. 

the time taken by the s(dittian to arrive at its highest viscoritv, 
These facts are illustrated in Fig. 1. 

It apijcars that two T^r(Jcesst^s are at work, iirst, tlie absorption 
of solvent by nitrocellnlo-e. accompanied by the disjX'rsioif of the 
resulting gel; secondly, a change in the already dispersed gel. 
which may probably be a&cril;cd to a chan je iu the state of aggrega- 
tion of the particles, not neccssaj'ily a: cojiipajiied by any alter- 
ation in their percentage cumfiosition. With acetone, and with 
ether-alcohol near the "o])timum.'’ the former process is very 
ratpid ; with other ether -alcoliol !ui\tiir*s tlie ai)sorj)tion of solvent, 
with rei:ulting swelling of the particle- au I decrease in the volume 


Fig. 1.— C/uoij/e of iviih t'lur >it l.'i . A'dry- 

cellulose (X=:12-2 j tr ('•/«/.) i) eAher alcohol 

100 grams. 
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of the surrounding fluid, continues for some time, even after the 
primary dispersion has occurred. In all cases, the second process 
is very slow. 


Infmnce of Water m V^sco's^ty. 

Measurements were made at 20^ of the viscosities of a number 
of kinds of nitrocellulose in acetone to which varying proportions 
of water had been added ; some typical results at various concentra- 
tions are shown in table I and in Fig. 2. It will be seen that the 
viscosities in anhydrous acetone are relatively very high, and that 

Table I. 

Ahsoltite Viscosities at 20 ^ ia Acetone and Water. 


Concentrations in grams per 100 grams of acetone and water. 
Italicised numbers show minimum viscosities. 


Percentage 

of 

water. 


N-12- 

3 per cent. 


N- 

13 0 per cent. 

5. 

7. 

8*5. 

”7o. 

5. 

7. 

10, 

0 

1 



— 

— 

— 

12-5 

— 

— 

34-2 

2132 


— 

8-8 

320 

232 

2 

— 

— 

— 

451 

— 

26-4 

— 

3 

11-7 

625 

157-3 

— 

61 

— 

no 

4 

— 

— 

— 

218 

60 

20-8 

96-4 

5 

8-6 

41-4 

90-5 

— 

6-0 

— 

83-3 

6 

8*2 

36' 7 

74-6 

164 

,5*9 

20-2 

8M 

7 

80 

33'8 

73-8 

154 

5-9 

20-7 

T9‘3 

S 

7' 9 

32'9 

72-5 

144 

5-9 

21'4 

79'7 

9 

7-9 

32-7 

69-3 

138 

— 

230 

83-3 

10 

81 

35-5 

71-4 

738 

6 6 

24-6 

— 

11 

80 

— 

72-7 

147 

— 

— 

94-9 

12 

— 

36-6 

75-7 

— 

7-3 

28-3 

103 

13 

9*1 

— 

799 

163 

7-1* 

— 

120 

14 

— 

402 

— 

— 

— 

— 

— 

15 

8-6 

— 

— 

154* 

— 

— 

— 

16 

— 

47-6’ 

* 

— 

— 

— 

~ 


• Miscibility incmnpk'te. 


trace.s of water have a mo-t marked eileci in lowering vircositv. 
Tile intlueiKxj ol water di!iiini.''m's witli fiinber addition, until in 
III ixtu res still more aqneoii.- the vis<'adty again ri.-ie.s. dhere is thus 
111 optimum solvent t'oiu posit ii>n at whirl] the visco^i^■y is at a 
iiiiiiimuni. upwards of 12 per rent, of water is pre>eiit in 

tile acetone (the exact figure depouding on the type and concen- 
tration of iiitrocolluloseb the liipn’d will no longer permit the 
dispersion of the nitrorellulo^e. but it still raiises gelatinisation, to 
ail extent depending on the water omtent. The optimum solvent- 
imposition (by niakcsup) is not tlie same for all kinds ol iiitro- 

1 I 2 
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cellulose, nor is it quite independent of concentration. With sols 
in pure acetone, no appreciable concentration of dissolved matter 
was detected by ordinary vapour-pressure measurements, and the 
disperse phase presumably consists of particles of nitrocellulose gel 
containing absorbed solvent. The proportion of liquid dissolved 
by nitrocellulose is large; gels collected from highly aqueous 
acetone contained more than six times as much liquid as solid, 
whilst other tests showed still greater absorption with mixtures 
capable of dispersing the material. 

Not only the quantity, but also the composition of the absorbed 
fluid, is found to be affected by the composition of the binary 
solvent; selective absorption by the gel is at work, hence the com- 
position of the fluid phase at equilibrium is not necessarily the 
same as that of the solvent before admixture with nitrocellulose. 
These factors play a leading part in determining the viscosity of 
such systems as are here dealt with; their quantitative influence 
has yet to be studied. 


Infivence of Conctniratioiv on Viscosity. 

The correlation of the viscosity of sols with the concentration 
of the disperse phase has attracted the attention of numerous 
workers; Einstein, also Hatschek (Tra/u?. Faraday iS'oc., 1913, 9 , 
80, with list of references), have obtained an equation founded on 
theoretical considerations, whilst Arrhenius {liiochcm, 1917, 
11 , ll:2j has successfully applied an empirical logarithmic ex- 
pression to numerous cases in which the Einsteiii-Hatschek 
expression fails, Baker (T., 1913, 108 , 1653) studied dilute sols 
of nitrocellulose in acetone, and his data were examined by 
Arrhenius. 

Tn table II are given some of the res\iUs now obtained. 
Examination of the data show-; that none of the ecpiations referred 
to is applicable except over small ranges, and this is true whether 
anhydrous or aqueous acetone l>e used a,« the solvent. It should 
be added that Hatschek'? second expression {Inc, ciV.), for cases 
w’here the disperse phase occupies most of the total volume, docs 
not aj.ply to the present data, and, indeed, it cannot hold for 
any case in whicli the viscosity is great conqiared wdth that of the 
solvent. 
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Table II. 


Viscosities at 20° in Anhydrous Acetone. 


Nitrocellulose, N=13-0 per cent. 

Nitrocellulose, N— 

12-2 per cent. 

Grams per 100 


Viscosity 

Grams per 100 

Viscosity 

grams of acetone 

Df. 

(absolute). 

grams'of acetone. 

(absolute). 

— 

0-792 

0-0033* 

— 

— 

0-63 

0-794 

0-0602* 

4-43 

35-5 

6-05 

0-814 

13-9 

5-05 

117-0 

6-68 

0-817 

25-1 

6-68 

305-0 

6-31 

0-820 

42-7 

6-31 

867-0 

8-94 

0-823 

67-8 

— 

— 

7-58 

0-827 

106-7 

— 

— 


* Determined with Ostwaid viscosimeter. 


No quantitative theory can apply to the viscosity of emulsoids 
which does not take into account the fact that the tangential 
stress, expresse<I by the viscosity, must in part be expended in 
keeping the dispersed particles deformed against the forces due 
cither to iiiterfacial tension (liquid emulsions) or to the internal 
elasticity of the particles (dispersed gels); and in view of our 
ignorance of the shapes assumed by such particles under shear, the 
problem appears highly complex. 


The authors’ thanks are due to Mrs, B. Clem mow. B.Sc., and 
liss D. S. Jones for their assistance; to the Director of Artillery 
3 r his permission to publi.^h ; to the Superintendent of Research, 
I'oolwich, and to Sir Rol)ert Robertson. F.R.S.. for their interest 
II the work. 

University College, London. 

Old Bleach Linen Co., Randalstown. [ Receired , March 1920.] 


KC.— 77ic FJectncal Conductivity of Pure Salts in 
the Solid am/ P'used States. Dettnninafion of 
the Activity-coefficients of Ions in Solid Sah.<^, 

By Jnankndju Ciiasuha Ghosh. 

Rkcest researches on A'*ray analyt^is of crystal structure have 
proved conclusively that the atoms of a salt are arrangcNl 
symmetrical ly in a space-latfice, Debye and S<'herrer have abo 
poiisidered the possildlity of ionisation in crystals of elect roly tc.s 
i(JVW. ZeiUch., 1918i 19, 474). They assume that the dilTract- 
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ing power of an atom depends on the number of electrons in the 
atom. This is equal to the Moseley number in a neutral atom. 
From the effective reflecting values of planes alternately wholly 
lithium and wholly fluorine, in a crystal of lithium fluoride, they 
conclude that the lithium atom has lost, and the fluorine atom has 
gained, an electron. Thus the internal ionisation of a solid salt 
is always complete. 

Although ionisation is complete, the ions are not free to glide 
past one another, because of the great magnitude of the forces of 
cohesion, which prevent the displacement of an ion from its posi* 
tion of equilibrium in the crystal lattice. It is only at high 
temperatures, when the average kinetic energy of the ions has 
become sufficiently great for some of them to overcome this field 
of elastic force, that the electrical conductivity of the solid salt is 
observed. The number of free ions in a uni-uiiivalent salt is given 
by the equation 

]r 

2n = 2.Y.e'-‘*'' (1) 

where X is Avogadro’s number and 11' may be defined as the work 
that the ions of a gram -molecule must perform against the foreos 
of elasticity before they can be free to glide past one another at 
the absolute temperature, T. On the assumption that Ohm’s law 
is always valid, the specific conductivity is given by the equation 


where r is the molecular volume of the salt and U the averas^c 
mobility of the ions at T, or 

w 

^2-Y. (3) 


Variation of W vith Temperature. 

The transition of ions from the bound to the free state inside 
the solid salt may Ik? considered as a physico-chemical process 
attended with an absorption of energy, Ik, for each gram-molecnle. 
In a condensed system, the variation of the energy of transition 
with temperature is given l>y the e<|uaiioii 

Ik - Ikj^ + pT^ . . Ncinst theorem (1) 

It appears plausible that equation (I) may l)e valid in this par- 
ticular case. The nature of the forces operating in the interior 
of a solid salt Is practically unknown, and can only l)e considered 
in a general way. Larmor has investigated the case of a fluid 
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composed of fiuite particles, and conclude that the force at an 
internal point, due to particles surrounding the point, is separ- 
able into two parts, one being due to the medium as a whole and 
the other a purely local part. The first part can be determined, 
as it depends on the potential due to the combined volume and 
su r face- den ^ty distributions of Poisson. For an isotropic liquid, 
the second part can be easily neglected, as the particles are in a 
state of violent, irregular motion, and their axes are distributed 
quite haphazardly. In the case of a crystal, however, there is a 
definite geometrical configuration. The atoms, arranged in a space- 
lattice, immediately surrounding the point, give rise to a purely 
local force at that point. So long as the cry .stal line structure is 
maintained, the motion of the particles is not random, and there 
is no cancelling out of the forces due to each particle. The 
magnitude of IF depends on the purely local part of the forces 
at an internal point, and from its very nature remains unknown. 
It is fairly certain, however, that it runs parallel with the forces 
of elastic rigidity inside a solid. It is well known that the 
plasticity of crystalline substances increases very rapidly with 
temperature, hence lb diniini.shes with increasing temperature. 
j3 has thus a negative sign. At the melting point, where the purely 
local part of the forces is negligibly small, we may assume that 

(5) 

where Tm is the melting point of the salt. 
jS can thus be easilv ex|)res,-'ed in terms of 11',-, being ecjual to 

11'. 

TJ’ 


Therefore at any temperature, T, 

ir/ra 
TJ 


IF = IF. 


- iivfi - 




■ (<5) 


Varidfion of the .l/f/o/Uy o/ tin Ion of (i Sofid Salt with 
Teinitf rut lire. 

The variation of the mobility of an ion in a solid with rise in 
temperature can be easily accounted for in a way analogous to 
tliat developed in the electron theory of metallic conduction. If 
A is the strength of the electric field, the fon'c acting on an ion 
is A>. If the ion were perfeetty free to move, there would be a 

miistant acx'eleration of in the direction of the field, where m 
m 

i" the mass of the ion. There are, however, frequent collisioii^ 
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with other ions, when all the accumulated energy of the ion is 
lost. It may be considered as the criterion of the solid state that 
the whole of the velocity of the free ion, added by the electric 
field, is removed at each collision, and the ion starts its course 
again with zero velocity. Let r be the time taken by the ion to 
describe the mean free path, L. The velocity of the ion at the 

end of the mean free path due to the electrical field is ■ 

m 

Therefore the average velocity added by the field in its own 
direction ; 


IT = 


1 

2 


ZCT 

VI 


(7) 


If F is the speed of the ion due to the combined effect of the 
electrical field and thermal agitation, then Since, however, 


the velocity of thermal agitation is very large compared with the 
velocity added by the electrical field, the value of V will be almost 
equal to the velocity due to thermal agitation alone. 

Therefore 


1 L 

2 m V 


80 that 


r - 


/3 . RT 

V M 


U' 


1 e 

2 ' ?7l 




. x 


(«) 


Now L = 


A8 


where A is the mean distance of the supposed Iv 


spherical ions and S the distance between the centres of gravilv 
of two ions in collision. Since the coenicieut of cnl)ieal expansion 
is negligibly small, L may always be regarded as constant. 


Hence 

or the mobility 



A 


U = 



(9) 
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Variation of the Specific Conductivity of a Solid Salt with 
Temperature. 

Substituting the values of U and IF from equations (9) and (6) 
respectively, in equation (3) we get 


P = 


k' 

V 


1 

t/i’ 


2N.e 




(10) 


since the change in molecular volume with temperature is 
negligible in the case of a solid, 


P = 




2N.e 


I-! 


j j'2KT 


2HT 


^ log 


2N.Klu.yT 


( 11 ) 


or 


^T.-T,): 1 1 


1 /i., s/T, 

log. 

P\ 'y 1 1 


( 12 ) 


Kqiiatton (12) contains only one unknown constant, ]Ff„ which can 
be easily obtained from any two values of a. In the following 
tables, it will be seen how satisfactorily the above equation repro- 
duces the oWrved values of u. Cohnnn 4 of these tables contains 
the values of a -the activity-coefbcieiil of the ions of a solid salt 
at various tem]>eratures. They are calculated from equation (1): 


IF 

^11 rr 




(13) 


ur 


ll’o 1 ' 

- :ij>p 


p'i 

TJ 


= 1%’. 


It wilt be noticed that the specific conductivity of the salts in 
^nnie cases has increased almost a tlioiisaitd times, but throughout 
this range, values of n calculated front e<pi;Uion (12) agree with 
the observed values within 5 ]ier cent. The observed st>ecitio 
conductivities in the cas^" of .''odium and potassium chlorides are 
taken from the work of lUun'ath and WainolT phfji^ikal. 

' hem., 1911, 77, 257). The limits of experimental error, accord- 
ing to their own statement, are i 10 j)cr cviit. The data for the 
haloids of silver ami thallium are obtained from the work of 
Tubancit and l.orcnz php^tknl. Vhem., 1914, 87, 529). 

I I* 
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Table I. 

Suilmm Ohloride. 
Ify=;5V2 kg. cal. = absolute. 


T (absolute), 

cfilc. X 10'’. 

M obs. X 10**. 

a cale. 

903 

— 

12() 

0-0127 

923 

21-2 

21-2 

0-0210 

943 

35-4 

35-0 

W363 

983 

9 10 

950 

W988 

1023 

240-0 

240 0 

0-2551 

1073 

729-0 

729-0 

0-8034 



Table II. 



Poia.^diim 

Chloride. 


50‘9 kg. 

cal. T^-1063. 



T. 

^ calc. X lOx 

(1 obs. X 10^ 

a calc-. 

923 

~ 

lj-5 

0 0324 

933 

8-4 

8-4 

0-0423 

983 

29-2 

28-8 

0-1469 

1013 

59-0 

59-6 

0-3095 

1043 

120-0 

133-0 

0-0295 


T.\ble III. 


ir^ — 25’6 kg. cal. 

T. 

523 
573 
023 
07 ;i 
723 


Silver VhloruJe. 


r„ = 726. 


calc, 

a nhs, 

— 

ii.OOn^ 

0-0016 

O'OOl.'i 

0-00ti8 

0-000:) 

0-0200 

O' 02 00 

0-0980 

(MlOO 


<rOnLN) 
0 (»! 

0 0045 
0 -2:1 87 
00202 


Table IV. 
Silver Bromide. 


kg. cal. 




r. 

H calc. 

fi f »});■;, 

a calc. 

473 

— 

O-OOO'iJ 

0-0O0S9 

513 

0- 00 23.8 

(100230 

0-00427 

553 

n-oio(»o 

0-(Hi9l0 

001731 

623 

o-osooo 

0-08000 

0-1.5600 

673 

0-36000 

(J-3800O 

0-6:1720 
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Table V. 

fhallous Chloride. 


lTo-23-75 kg. cal 
T. 

r„=7oo. 

calc. 

^ obs. 

a calc. 

523 

— 

0-00005 

0-00625 

673 

000024 

0-00024 

0-03162 

623 

0-00098 

0-00090 

0-23310 

673. 

0-00360 

0-00370 

0-50870 

694| 

0-00600 

0-00610 

0-86UO 

110-31*67 kg. cal. 

T. 

Table VI. 

Thallom Bromide. 

H calc, fi obs. 

a calc. 

523 

— 

0-00004 

0-00612 

623 

0 00055 

0-00055 

0-09204 

673 

0-00170 

0-00160 

0-29510 

720 

0-00440 

0-00470 

0-81280 

IIq-IS'? kg. cal. 

r. 

Table VII. 

Thallomt Iodide. 

T«-710. 

u ciiln. ^ oh?. 

a calc. 

52.3 

— 

0 0001 

0-0160 

623 

0-00 10 

O-OOIO 

0-1747 

673 

0-0027 

0-0027 

0-4898 

702 

0-0046 

0 0048 

0*8567 


Electrical Conductivifij of Fn^cd Falis. 

It follows from e<] nation (G) that at tlie ineUing point all the 
ons are free to glide pa.-t one another, since IT is zero at this 
emperatnre. Tndee^l, the belief i? held generally that the activity- 
xiefficient of fused salts is always unity. Thus, on considerations 
oased on the molecular kinetic theorv of Kinstein, Lorenz draws 
:he conclusion that fu-ed salts are t-oiiipletelv split up into free- 
zing ions (“Kernst Festschrift. ' p. Halle. 1912), In the 

^aseof univalent molten salts, Arndt {Zfii^o'h. .^'/r.^7/v>c/irm,, 1907, 
13, 510, 809) drew the same conclusion on the basis of investiga- 
tion? relating the viscosity with the molecular rondiiotivity of the 
hised salt, Thus the specilic conductivity of fused does not 
'ary with temperature in a logarithmic way. This is to be 
expected, as all the ions present contrilnite to the conduction of 
electricity. As a general rule, the equation 

Pj (14) 

i I* 2 
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is found to express satisfactorily the variation of conductivity with 
temperature, indicating that it is a simple case of variation of the 
mobility of the ion. 

My best thanks are due to Prof. F. G. Bonn an, F.R.S,, for his 
suggestions and kind interest, and also to my friend, Mr. J. N. 
^Mukherjee. 

CirKMfCAL Laboratory, 

University College, London. \ Rcceived^^ay 2 &(k, 1020.] 


XCL — The Comtitution of Yellow Sulfhide Dyts. 


By Jatindra Kumar Mazumder and Edwin Roy Watson. 


The following experimental work is recorded as the authors will 
have no further opportunity for joint work on this subject. 
Unfortunately, the results obtained are as yet insufficient to allow 
of deductions as to the constitution of these dyes. 

Hitherto, no investigation on this subject appears to have been 
recorded. From analogy to the formation of dehydrothiotoluidiiie 
and primuline base from sulphur and ;>-toluidine, and because 
yellow sulphide dyes cannot be formed from /n-phenylcnediamiiie 
and sulphur, but are formed from the sulphur fusion of ?n-tolyleuc 
diamine or acyl denvatives of 7n-phenylenediamine, it has been 
generally supposed that these dyes contain thiazole rings. From 
these ideas, one would naturally expect a considerable number of 
free amino-groups in the simplest sulphide dye, for example, that 
formed from the sulphur fusion of /n-tolylenediamine, 


N 

NH Y'\/ 

0 




/\/ 


> NH. 


/\/% 


\/\. 




/\/ 
s 


One of us found, however, that the reaction of yellow sulphide 
dyes with nitrous acid, cither in concentrated sulphuric acid sohi- 
tioii or freshly jirecipitated and in aqueous susj)ension, is inappreci- 
able. and this observ'ation led to the present investigation. 


Vreiinraiwn and AnaliiKi^ of the 

Attempts to prepare whab one would su])])Ose to l>e the simplest 
yellow sulphide dye by the fusion of w-tolylenediamine and 
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sulphur according to D.R.-P. 139430 and 141576 gave* a product 
with poor tinctorial properties, but a good yellow dye was obtained 
from the diformyl derivative of m-tolylenediamine by sulphur 
fusion according to 138839, and this was used for the 

present investigation. The fusion product was extracted with 
carbon disulphide, dissolved in hob dilute sodium hydroxide solu- 
tion, precipitated by hydrochloric acid, collected, wash^, dried, 
and 8^ain extracted with carbon disulphide (Found: C*— 41-5, 
41-6, 41*4; 2*7, 2*5; N=9-5, 13*4, 11-0, f 11*7 f; S = 42*3, 

44-6, 42-8). ^ 

Nitrogen was evolved very slowly in the estimation by Dumas’s 
method, and the results were consequently untrustworthy. The 
figures obtained by KjeldahTs method may be taken to indicate 
the lowest possible value of the percentage of nitrogen. 

Another sample was exhaustively extracted with carbon 
disulphide, but was not dissolved in alkali and reprecipitated. 
These steps were omitted in order to avoid the introduction of 
impurities, as it was found that the reprecipitated substance filtered 
with difficulty and could not be easily washed (Found: C~42*9; 
K-2-98; S = 42*3). 

These figures indicate that the substance contains no oxygen. 
The proportion of carbon to nitrogen is less than in difonnyl-m- 
tolvlenerli amine. but greater than in m-tolylenedi amine, 

C;H,oNo. requires 0-42*98; H-2'95; N-11-8; 

8-42*27 per cent.] 

On account of the tendency of sulphur to form poly sulphide 
chains with any number of sulphur atoms, such a formula probably 
expresses the composition more correctly than one containing an 
ntegral number of sulphur atoms, but agreeing less closely with 
die analytical results. 


E rprrimf^t)fx rm the Formafu>n- nf Di/e inth rar^/iriq Proporfian.'^ 
of D} formfihm-fnj >/! en eP lam i ne atof Sid ph vr. 

The mixture was in each case heate<l accordinii to D.R.'P. 
138839. The products were finelv jiowdered and washed in 
siioces'ion with carbon di ulphide and water, 

Eypl. (1). — Two parts of diformyl compound and 4 parts of 
>ii1))hur gave 3 parts of dye. 

Evpt. (2).' --Two parts of diformyl compound and 2 parts of 
siiljihur gave 1*9 parts of dye- 

* 0, H. and S fiotormint><l logo t hr r Oennstedt's method, 
t ByKjeldahrs method. 
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Expt. (3). — Two parts of diformyl compound and 1 part of 
sulphur gave 1'05 parts of dye. 

In Expt. (1), the proportions are those specified the patent. 
The product from Expt, (2) was an equally strong dye, but that 
from (3) was much weaker, 

Lead Salt.— On adding a solution of lead acetate to a solution 
of the dye in dilute sodium hydroxide, there was obtained a brown 
precipitate. This filtered very badly, but was washed first by 
decantation. (Found: Pb=51'0, 5T1. f^’i7HjyN4Sg.97rb2 requires 
Pb=46’8 per cent.). 

This result seems to indicate that there are approximately two 
mercaptan or acidic groups for each molecule of diformyl-'m- 
tolylenediainiiie which has entered into the formation of the dye. 

Oxidation of the Di/e in. Alhaline Solution with rotassinm 
Pervtangnnate. 

One gram of the dye was dissolved in a solution of 2 ‘5 grams of 
potassium hydroxide in 20 c.c. of water, and a solution of 2‘5 grams 
of potassium permanganate in 50 c.c. of water was gradually added 
while the mixture was kept cool. The permanganate was immedi- 
ately destroyed. The mixture was boiled and filtered hot, and the 
residual manganese dioxide was extracted with boiling water. On 
concentrating the filtrate and washings to 25 c.c. and acidifying 
with hydrochloric acid, sulphur dioxide was evolved, and a red 
precipitate was obtained, which was collected. Nothing was 
extracted from the filtrate by shaking with ether. The precipitate 
was washed with cold water and dried, first on a tile and then in 
an air-oven at 120° (analysis No. 1). It is somewhat soluble in 
cold, and almost completely so in hot, water. With the idea of 
preparing a purer sample for analysis, the precipitate from another 
.preparation was boiled with excess of water and filtered hot, the 
filtrate was evaporated to dryness, and the residue dried in the air- 
oven for analysis (No. 2). This gave, however, a large quantity 
of ash, so it was washed with dilute hydrochloric acid and again 
dried and analysed (No, 3). 

(1) C = 42-o- H=.3'57; S = 29'2. 

(2) C.--41-7; H = 4‘5; S = 32-l. 

(3) 0=^421; H = 31; S-24-9; N = ll-7. 

The .samples contained 4 25 and 4 3 per cent, of ash respectively. 
The percentages are reckoned on ash-free substance, 

CgH,().jNoa, requires C = 42-2; K = 3T; N-aO'9; S-:25'0. 

requires 0 = 43'2; H-2-9G; N^lhS; S = 25’0 
per cent. 
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The latter formula is preferred because it contains the same 
number of carbon, hydrogen, and nitrogen atoms as the original 
dye. On the most natural assumption that this substance is a 
sulphonic acid, we require a complex of at least (CjyH^ 4 N 4 S 5 . 27)6 in 
the dye to explain its formation, which is represented as follows; 

(C„H,,NiS,V,(S-Sn),(3-S-SH),-, -> (C„H,,N,S,),(S 03 H),„. 

We deduce from this thaii§the dye complex formed from twelve 
molecules of diformybm-tolylenedi amine contains five ‘S’SH groups 
and five ‘S'S'SH groups, which are all converted into sulphonic 
acid groups on oxidation. There only remain twelve sulphur atoms 
for ring-formation, that is, one atom for each molecule of diformyl- 
w-tolylenediamine. According to this, only half the nitrogen can 
be involved in thiazole rings. 

These conclusions are apparently opposed to those deduced from 
the analysis of the lead salt of the dyes, from which we inferred 
the presence of approximately two mercaptan or acidic groups for 
each molecule of d i formyl- mdolylenediamine concerned in the 
formation of the dye. It is just conceivable, however, that other 
atom.s or groups, for example, a nitrogen atom in the ring, may 
exhibit acid properties. 


/ormcd h)/ the Action of U ijdriodje Acid and Red' 
Phoaphonis on the Dne. 

On boiling with these reagents under reflux, there is at first a 
little evolution of hydrogen sulphide, but, after many hours' boil- 
ing, the dye is apparently uJichanged, Two and a-half grams were 
boiled for six hours with O' 8 gram of red phosphorus and 15 c.c. 
of hydriodic acid (D I'/). The mixture was then transferred to 
a thick- walled glass tube, a further O'S gram of red phosphorus 
and 10 c.c. of hydriodic acid were added, the tube was sealed, and 
heated at 190- -213^ for eight and a-half hours. Much hydrogen 
sulphide was produced. The bulk of the hvdricxlic acid w'as dis- 
tilled oil, and the residue was di.-tilled with water and filtered. 
On adding sodium acetate to the filtrate, a l>right vellow, flocculeut 
I'recipitate was formed, whi-'h was collect ( hI, washetl and dried 
(base .1 1. On adding sofliuni carbonate to tiie filtrate and extract- 
ing repeate<lly with ether, a dark 1 I'own. tarrv substance was 
olitainecl (base li). The amount of ,f was al'OUt (bTa gram and 
of B al>out 0'5 gram, 

/W .j . — After drvin;: on a porous tile, this inelteil and decom- 
posed at |80--.200^, Xo crystalline acetyl derivative could be 
obtained from it. {Found: C o^'o; 11-5 0; X --IS'tdO; 8^12'2. 
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033144^0,^^^^83 requires C = 57‘9; H — 5-59; N = 14‘2; S — 12*2 per 
cent.). 

Ba^e 7?. — On one occasion a few crystals were obtained by 
aoetylating with acetic anhydride and pyridine, evaporating to dry- 
ness, and crystallising from alcohol. Attempts to obtain more 
crystals were, however, unsuccessful. This base contained no 
sulphur (and no iodine), [Found; ^C — 61’9j H — 7'37; N~8'4. 
M,W,=314 (determined by the cryoscopic method in glacial acetic 
acid solution). NHo = 4-16 (determined by dissolving in dilute 
hydrochloric acid and titrating with standard nitrite solution). 
Ci 7 Ho,;, 0,^N(NH..) requires 0 = 60 7; II-7-14; N = 8-33; NH, = 4-76 
per cent.]. 

By coupling the diazotised solution with /3-naphthol in alkaline 
solution, a crimson dye was obtained, which was insoluble in dilute 
sodium hydroxide solution. 

The presence of oxygen in these bases was unexpected. Their 
chemical behaviour seems inconsistent with the ])resence of hydroxyl 
or carboxyl groups. The substances were heated to constant weight 
at about 130^ before analysis. However, if we assume the oxygen 
to be contained in molecularly attached water, the formula become 
CasH^NsS^.SII.p and Ci;U,.:N(NIL),oH.,0. In a very approximate 
way, these formnlje may be interpreted as indicating that the poly- 
sulphide groups are first removed, and subscqTiently the cyclic 
sulphur is eliminated with half the nitrogen (one atom of nitrogen 
being removed with each atom of sulphur). As only half the 
remaining nitrogen is in the amino- form, the other half probably 
forms part of an unbroken ring connecting two benzene nuclei and 
not containing sulphur. 

The action on the dye of tin and bydiwhloric acid, zinc dust 
and sotlium hydroxide, bromine, sodium liyfiobromite, phosphorus 
pentachloride, pdio^]diorus pentachloride and phosphoryl chloride, 
phosphorus trichloride, or hot concentrated sulphuric acid has not 
giyen products which seem likely to assist in determining the con- 
stitution. U]) to the present, nothiipg of interest has been obtained 
by the action of nitric acid. 


Dacca CorxEOE, 
Ei Bexgai., India. 


[TJecn'rcd, AprU 1920.] 
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XCII . — The Determination of the Relative Strengths 
of some Nitrogen Bases of the Aromatic Series 
and of some Alkaloids, 


By Francis Arnall. 

In the selection of a mefcho I by which to determine the relative 
strengths of the bases of the aromatic series, it must be borne in 
mind that on the whole they are feeble bases, and, furthermore, 
that they are usually almost insoluble in water. On the other 
hand, the salts of these bases are soluble. The author therefore 
considered that the most satisfactory methofJ would be to measure 
the degree of hydrolysis of the hydrochlorides in aqueous solution 
by observing the acceleration of the rate of Inversion of a solution 
of sucrose by means of the polarimeter. In using this method, 
care must be taken to ensure the same constant temperature 
throughout all the experinients. Moreover, since the preparation 
of the hydrochlorides of many of the bases was not p^ossible, the 
solutions had to be prepared by the addition of the requisite 
quantity of acid to the weighed base after careful purification of 
the latter. 

Ill carrying out an experiment, equal volume? of the sucrose 
rolution (o grams per 100 c.c.) and the solution of the hydro- 
chloride were brought to 55° in the thermostat, mixed, and rapidly 
transferred to a w^cll-jacketed polarlmeter tube, provided with false 
ends to check loss of heat by radiation, already maintained at the 
correct temperature. The first reading was taken as soon as the 
thermometer was steady, and readings were then made at intervals 
until the reaction was sufficiently advanced. The '‘final rotation,” 
when the sugar wa.< completefy inverted, was read after the solution 
liar] been heated to 80° for fifteen minute?. The degree of hydro- 
1yds of the hydrot'hloride was deduced from the velocity of reaction 
hy comparison with (lie velocitie? of inversion bv hydrochloric 
acid alone, 

The degree of hydrolysis having been found at several dilutions, 
the dissociation con?tant of the salt, tlm basic constant of the base, 
atid the relative strength of the base to aniline were calculateil. 
A? an examjile of the results ohtaine<,b the following mav be given : 


^^alt. Dilution — r. 

birncthyknilino ( * 

Jiydrochloride, ) ^ 


Depren of liydrolysis 
— d at o,V\ 
0-oo<^8 
0-0 1 3.'} 

0018 !) 


]'>is.socialion con?! ant 

K 

'“(i -siC 

2-4 \ 10 » 

2'3v lO’i 
2-3x10 s 
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A small excess of free hydrochloric acid in the solution of the 
hydrochloride sometimes improved the clarity of the solution, 
enabling more accurate readings to be taken, whilst its effect on 
the degree of hydrolysis was found to be negligible. 

Usually, the excess of acid was not more than a small percentage 
of the acid set free by hydrolysis. For example, diphenylamine 
hydrochloride in A7240-solution was dissociated to the extent of 
89 per cent. ; the amount of free acid apart from this was A/ 2400. 
Thus the excess of acid was equal to 11 per cent, of the free acid 
due to the hydrolysis of the salt. In the case of stronger bases, 
where the degree of hydrolysis was small, the excess of acid used 
was of the same order as the free acid due to hydrolysis. Before 
accepting the results obtained in this way, experiments were carrierl 
out with qviinoline hydrochloride in order to ensure that this did 
not invalidate the results. 

Concentration Concentration Total free Degree of 

of tho of the tvcid in hydrolysis, 

hydrochloride. cxce.^s acid. solution. Per cent. 

Nji A;'200 iV/98-9 2-045 

Nji Njm Njl‘i\-2 2-05 

It will be seen that doubling the amount of excess acid did not 
affect the degree of hydrolysis. 

In the case of dimethylaniline, consistent results were only 
obtained by the use of freshly preparerl solutiotis of the base 
recently ftactionated under diminished pressure, since the solution 
of the hydrochloride, although prepared with freshly distilled con- 
ductivity water and kept in the dark, changed in the course of a 
few hours to a pale heliotrope colour, even in well-stoppered bottles. 
Crystalline dimethylaniline hydrochloride could be prepared by 
passing pure dry hydrogen chloride into a dry ethereal solution 
of the base, but it was considered preferable to use the solution 
obtained by the addition of pure acid to the pure base. 

The volatility of pyridine rendered the preparation of the hydro- 
chloride solution inaccurate unless great care were taken. 

The more common alkaloids, such as strychnine, bnicine, cocaine, 
and morphine, were found to be too strongly basic to give satis- 
factory results by this method. 

The velocity of inversion of the sucrose solution was, even with 
some of the solutions used, oiilv sufficiently rapi«l for convenient 
measurement at the temperature employed, namely, 55°. It wa^ 
established by experiment that coloration of the sugar solution 
sometimes occurred on j>r obliged warming at temperatures a little 
above 55°'. 

I he following tables summarise briefly the results obtained. 
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Table I. 


The Relative Strengths and Bask Constants of the Bases. 


Base. 

K,. 


Aniline 
= 100. 

Dimethylaniline 

.. 2-3 xl0-» 

5-22x10-1“ 

430 0 

p-Tolui(^ne 

.. 4-0 XlO"^ 

3-00x10-*“ 

2500 

m-Xylidine 

.. 8-5 xlO-5 

1-41x10-'“ 

120-0 

Aniline 

.. 100x10-* 

1-20x10-*“ 

100-0 

Pyridine 

.. 101x10-* 

M9X10~'“ 

99-0 

Quinoline 

.. 1'07XI0-* 

1-12x10-*“ 

93-0 

o-Toluidine 

.. 1-59x10-* 

7-60 X 10-'* 

62-0 

m-Aminobenzoic acid 

.. 8-7 xIO-* 

1-38x10-** 

11-0 

Aminobenzfiio acid ...... 

.. 9'5 XlO-» 

1-26x10-** 

M 

o-Arainobenzoic acid 

.. 1-03x10-* 

7-.36xI0-*» 

0-61 

Diphenylamine 

.. 2-9 X10-* 

4-14x10-** 

0-34 

Aceto-^-toluidido 

.. 3-2 xlO-* 

3-7.5x10-** 

0-31 

Benzo-p-toluidide 

.. 4 0 XIO-* 

3-00 X 10-** 

0-25 

Aceto-?n-4-xyli(lide 

.. 4-5 xlO-* 

2-67 X 10“** 

0-22 

Acetanilide 

4-8 xlO-* 

2-50x10“** 

0-21 

AcctO'O-toluidide 

.. 5-3 xlO-* 

2-26x10-** 

0-19 

Bcnzo-7n-4-xylididc 

.. 5-.3 xIO-* 

2-26x10-** 

0-19 

Benzanilide 

5-5 X 10-* 

2-18x10-** 

0-18 

Bciizo-e-toluidide 

.. 5-9 XlO-* 

2-03x10-** 

0-17 


7vj= hydrolysis constant of the hydrochloride in aqueous solution, 
= basic constant, 

A'u, — dissociation constant for water, assumed to be equal to 
\-2 X 10'^^ for 


Table II. 


R el (I five Strengths twd Jiane (' oust an is of Alhalouh. 


Alkaloid. 

K.. 

K. 

Aniline 
= 100. 

Quijiiiic 

5-1 

< io-< 

2-35X10-* 

2000-0 

Nnrcotinc 

4-2 

lo-i 

2-86x10 *“ 

240-0 

Cinchonine 

()1 

< lO"* 

1-97 X U>~*“ 

160-0 

Quinidinc 

.. 7 -.5 

< 10-5 

1-60x10-'" 

1300 

Plpcrinc 

3-8 

/ 10-2 

316x10'* 

0-26 

Caffciiift 

6-0 

xlO'* 

2-00 X 10'** 

0-17 

Theobromine 

8-3 X 10~* 

1-45x10** 

0-12 


Table III. 

Oecreare hi Bask Sirengih on forming Aeetgl and Beiuoyl 
Derivatives. 

Stronjith of Strength of 
Stnmgtli acetyl benzoyl 

of dorivaiive. derivative. 


pToluidinc 25(1 0-3 1 Q.og 

wt-Xylidinc 120 0*22 0*19 

100 0'2l 0-18 

oiohmlinc* 62 0-19 0-17 
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All tte values given are relative to aiiiline = 100. 

As would be expected, tlie benzoyl derivatives are weaker than 
the corresponding acetyl derivatives, and the order of strength of 
the bases is also the order of strength of their acyl derivatives. 

Table IV. 

Percentage Degree of Ifgdrob/sis of Uydrochloridea of Bases, 

A. 


Base. t?=l00. t;=l50. w=:200. 

Acetanilide — 89-0 9L2 

Aceto-e-toluidide — 90*0 92^0 

Aceto-p.toluidide — 84-9 §7.9 

Aceto-m.4'XyIidide ... — 88-2 90-8 

Benzanilide — 90*2 92-4 

Benzo-o-toluidide — 90-6 92-7 

Benzo-;?-toluidide ... — 87 '3 90 >0 

Benzo-?/i-4-xyliilide ... — 89-7 92-0 

Caffeine 87-5 90-8 

Narco tine (.V,3 — 

Piperine 82 o 86-4 

Theobromine 90 3 93-0 

B. 

r.-_4. 

Aniline 1.98 , ... 

Dimethylaniline O-OS 1-33 ].89 

Pyridine 1-99 -not 

Quinine ^ 

Quinoline 2 '0.7 — 4.]-> 

o-Toiuidine 2-70 i.ua 

p.Toluidine 1-2.; 0.49 

w-4-Xylidine — 2-.)8 3.91 


C. 

Base. v- 32. u=^40. 

wi-Aminobenzoic aci<l. l.oA 

o-Aminobenzoic acid... — 34.9 

P'Aminobenzoic acid... ~ 

Diphenylamine _ 


V 04. V = 80. r 1 6^>, v ~ 240. 
2i)‘!l 

06-3 

“ “r:-3 t>8'8 

S4-7 88-7 


D. 

Base. t^lO. v-:\o. v^2\}. m 3u. 

Cinchonine 2' 44 3.00 

Narcotine i>.(j 

Quinidine ..... _ o u ... 

Quinine O-tI - 2 

rvMlit>ujm.—(a) The inethcKl employd is suitable for the ileter- 
min itioii of the strengths of the l.a-ses' of the aromatic series aiul 
o similarly weak bases, and gives consistent resulU if care be taken. 
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(b) The method is applicable only to the more feebly basic 
alkaloids j for the stronger alkaloids, such as strychnine and cocaine, 
other methods should be adopted. 

The author desires to acknowledge his indebtedness to the 
Priticipal and to the Head of the Chemical Department in 
permitting him to carry on this work. 

The Chemical Department, 

Soltr-'Westorn Polytechnic Institute, 

Chelsea, S-W.3, [Received, May 20lh, 1920.] 


XCIII . — The Transition from Coal to Coke. 

By Eaic Sinkinson. 

Coke is a conductor of electricity, but it can easily be demon- 
strated that coaUs not. It was with a view to determine whether, 
cliirinof the carbonisation of coal, the change from a non-conducting 
to a conducting condition is gradual or abrupt, that the experi- 
ments recorded in this ]>aper were undertaken. It seems probable 
that the change is one in which free carbon liberated by the thermal 
(ieroinpositiou of the coal forms an electrically conducting bridge 
ill the non conducting niedium. Two conditions at least are 
necessary Ijefore tliis can take place: (Vi) that a niiiiiinum quantity 
uf coke mu.st i>e forme<l ; [b) that the particles of free carbon forni- 
iitii the coke imtst be in a fine state of division, (’onsider the case 
where all the ]>arlicles are sjdierical ; then if in a state of maximum 
coarseness, where all tlie particles arc combined into one large one, 
evideiitlv there cannot be a bridge acros- the non conducting 
iiie<iium, but if the conglomerate is finelv ground, the particles will 
touch and form a bridge. Beyond a certain degree of fineness, 
the size of (he particles should not affect the conductance. It 
sectiis rea.'-onaide to a.'^-nnie tiiat carbon fornuxl by heating coal 
will he in such a state as requirtnl by (h). 


K X r r. n I M E N T \ l . 

A. 

before attempting to measure the electrical rt^sistance of 
'•u-hdiiised coal, it was decided to iind how cuke itself in a fine 
state of division would l>ehave when evenlv dislribute<l in a non- 
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conducting mediuin, such as pitch. Accordingly, two cokes were 
selected, namely, a Durham (Langley Park) and one from a Welsh 
bituminous coal of an upper seam in the lower coal measures. 
The coke was ground in a mill until it would pass a mesh of 200 
to the linear inch (80 to the an.), and dried at 105° in the ordinary 
way. It was then intimately mixed with 10 per cent, of pitch, 
The mixture was transferred to a stout cylinder of steel of 2’5 cm. 
cross-section, fitted with plungers top and bottom, and the whole 
placed in a hydraulic press, where the contents of the cylinder 
were subjected to a pressure of 31‘5 kilos, per sq. mm. until they 
did not yield. In this manner, a series of briquettes was prepared 
with increments of 10 per cent, of pitch, until the last one reached 
90 per cent. 

The briquettes were prepared for the measurement of their 
electrical resistances in the following manner. Two holes were 
drilled from the top 1 cm. apart and 2 an. deep. These were filled 
with mercury to establish good contact with the wires connected 
to the measuring instrument. This consisted of the well-known 
post-office box form of the Wheatstone bridge arranged with a cell 
and galvanometer in the circuit. A d’Arsonval mirror type of 
galvanometer was employetl. If the resistance of the briquette 
was beyond the compass of the bridge, it was placed in circuit with 
the galvanometer and cell, and the deflexion compared with that 
obtained by a resistance of known magnitude. The resistances 
were measured in ohms, the reciprocals of which have Ireen 
tabulated as conductances (mhos.) for convenience. 


Table I. 


Durham coko, 

Pitch, 

per cent. 

]icr cent, 

100 

— 

90 

10 

70 

30 

50 

.")0 

30 

70 

20 

80 

10 

90 

Welsh coke, 
per cent. 

100 


90 

10 

70 

30 

50 

.70 

.30 

70 

20 

SO 

10 

90 



Colulurinnc 

0 lines. 

jnbn.s. 

trio 

0-20 

0-l)4 

1-8.7 

O' 90 

Mi 

.rO.7 

01 7 

7 I t to 

OOU 

20,.‘)()ooo 

5X 10 * 

.>00,000'UO 

<10 » 


0-20 

50 

0-7. 5 

1-33 

0'87 

M,5 

040 

0*15 

tiO'OO 

0-0 10 

22.000-00 

4-Ox 10 

“>00,(XIO'00 

-10 
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Ifc is evident that mere than 10 per cent, of free carbon must be 
present in a non-conducting medium to form an electrically 
conducting bridge. 

B. 

In order to find out what is the minimum temperature at which 
c-oal must be heated before it will conduct electricity, it was decided 
for experimental convenience to reverse the order and prepare a 
series of cokes from the same coal, carbonised every lOO'^ below 
900°, and measure the electrical resistance of each. I'o do this, , 
the coal was pulverised and placed in a silica tube closed at one 
end to form a retort, the open end being closed by a rubber stopper 
carrying a delivery tube, The delivery tube was connected with 
an aspirator filled with a mixture of glycerol and water; a mano- 
meter was inserted to indicate the slightly diminished pressure 
maintained throughout carbonisation. The distillation tube and 
connexions w^e exhauste<l, and heat was applied by an electric 
muffle, the temperature of which was measured by a platinum- 
rhodium-platinum thermocouple. The first experiment was made 
at 900°, and lasted two hours. 

Similar experiments were made at 800°, 700°, 600°, 500° and 
400°, the last three being in gla.'^s tubes. 

The cokes were removed in turn from the tubes, and powdered 
in a mill until they would pass a me.di of 200 to the inch (80 to 
the cm.). Each was briquetted at 3T5 kilos, per ?q. mm., tlioso 
carbonised at 900° down to 700° re(|uiring 10 per cent, of pitch 
0 bind them. As, however, the effect of 10 per cent, of pitch on 
he resistance of the coke is known from the earlier experiments, 
his addition can lie allowe<l for in comparing results. The cokes 
carlxuiised below 700°, however, were self-binding under the above 
treatment. The briquettes were prepared for the measurement of 
their electrical resistance in the same way as before. 

The coals employed were Durham and Welsh, and the result? 
brained are as follows: 

Taule II, 

C. 


Tomporatiire nf Dnrlmni. j Tcnij^orature of Welsh. 


Carbon* 

h'Hticn. 

Ohni,s. 

Mluas. 

; Ciirltoti- 


Mhos. 


0*13 

:-7 

; OOO" 

0-20 

.A-O 

soo 

OHO 

17 

i SOO 

0-7.’i 

I ,3 

hio 

100 0 

0-01 

! TOO 

UOOO 

0-000 

Olio 

iM 

2v 10 < 

Cno 

r.noo 

1-: 10 * 

.'i.lO 

7,000 1 

;-2x 10 * 

; A 50 

40.00(1 

2 s 10 * 

r»oo 

> rioo.ooo 

<10 « 

ram 

- .VMI.OOO 

*10 • 

40U 

500,000 

<10 • 

t -100 

,')00,tK>0 

<10 • 
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The resistance of the briquettes became too great to measure 
below a carbonising temperature of 550'^. By comparing the 
results of table I with those of II, it is evident that for a carbon- 
ising temperature of 550°, between 10 and 20 per cent, of free 
carbon is liberated from the coal. The critical temperature of 
the formation of coke lies between 500° and 550°, 

In order to determine more precisely the temperature at which 
this change takes place, and whether the conduction commences 
suddenly or gradually, the method of investigation was modifled 
ill the following manner. A weighed quantity of approximately 
15 grams of the dried and powdered coal under examination was 
intrcKluced midway into a hard glass tube open at both ends, and 
in it were embedded two platinum wires 1 cm. apart, which 
extended beyond the open ends of the tube. The contents were held 
firmly in position by asbestos pings. The tube was placed in an 
electric furnace, where its temperature could be raised over any 
desired range. The platinum wires leading from the carbonising 
tube were put in circuit with a battery and one of the galvano- 
meters of the Darwin double thread recorder, A thermocouple to 
measure the temperature of the furnace was connected to the other 
galvanometer. 

The purpose of this arrangement was to record simultaneously 
the temperature of the heated coal and the current it conducted, so 
that the temperature at which the coal would just conduct a 
current of electricity could be precisely determined. The record 
is registered automatically in the form of a series of dots made at 
intervals of a minute. 

The first coal to be tried was the Welsh, used in the previous 
experiments. When the temperature reached 500°, the needle of 
the galvanometer in circuit with the coal move<l from the zero 
position and plotted a series of ever-widening dots on the chart, 
thus indicating an increase in the conductance of the coal as thf 
temperature rose above the critical value. 

In this manner, critical conducting values were found for 
Durham, Spanish coking and noU' coking coal.'^ of .‘similar composi- 
tion, a Silkstoue coal, cellulose. Yacca gum resiu, and starch, witli 
the remits shown in talfie HI. 

Records were also taken as the electric muffle cooled. The con- 
ductance broke clown, however, on account of the contraction of 
mass, which consequently developed fissures. 

The Spanish non-coking coal showed the lowest critical value of 
the series tested, namely, -150°, ami the rest were from 500° to 
530°. The value for cellulose was of the same order, namely, 500 
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Table III. 


Substance. 

Welsh 

Durham 

Spanish coking 

Spanish non -coking 

Silkstone 

Cellulose 

Yacca resin 

Starch 


Temperature at which 
conductance began. 
500° 

.5301 

500 

450 

500 

500 

not below 640’ 

580° 


Yacca gum resin remaineid non-conducting even at 640^^. Although 
the r&sin appeared to have carbonised, it formed such a loose, 
cellular mass that no contact was set up between the ends of the 
platinum wires embedded in it. 


Discussion of Eesults. 

It is evident from the results of the foregoing experiments that 
coal under the influence of heat begins to yield free carbon at a 
temperature in the region of 500°. Below this temperature, decom- 
position has been proceeding, but not true “carbonisation” in the 
?eiise of the formation of free carbon. The critical change in the 
conduction at this temperature indicates that tnie carbonisation 
ha-; begun. Since the same effect is produced with cellulose, it 
appears probable that the formation of free carbon at this tempera- 
ture is due to the decomposition of the cellulosic constituents of 
the coal. 

It was found by the author (this vol, p. 166) that coals 
carbonised about 500° gradually lost the power of producing an 
image on a photographic plate in the dark. It would appear that 
decomposition of the coal begins at 450° and continues to 500°, at 
which temperature sufficient free carbon has been liberated to 
fonu a conducting bridge in the coal. At this stage, there will lie- 
present not less than 10 per cent, of frt^e carbon. It mav be con- 
cluded that on carbonising coal, there is shar}) transition to coke 
after a certain limiting temperature ha.s been reached, evidenced 
hv the rapid increase in its coiiductaiu'e above this temperature. 

The author wishes to record his bo.st thanks to Vrof. \V. A, Bone 
if^r his interest in the work. 

iMreKut, Coi.T.fcnK or Siukkci: ani' TK(HN<)r«)i;v. 

LONtioN, [/iVr-iVr7/, .1Lf>/3b< 1020.) 
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XCIV , — Periodic Precipitation. Part L Silver 
Chromate in Gcdatin, 

By Alexander Mitchell Williams and Mary Russell 
Mackenzie. 

The object of this research was to examine the influence of the 
different factors affecting periodic precipitation in gels. The 
presence of a gel would not appear to be absolutely essential for 
the formation of a periodic precipitat-e in some cases, as is shown 
by Dreaper [KoUoid 1914, 14 , 163), amongst others, but 

in the majority of examples studied a gel has been present. The 
best known case is probably that of silver chromate in gelatin, 
discovered by Liesegang, after whom the phenomenon is usually 
named, although the first investigator appears to have been Runge 
(Leduc, Mechanism of Tfife,'^ p. 67. See Rayleigh, PhiK 
1919, [vi], 38 , 738, and Bradford, liiochcm. 1920, 14 , 29). 
Liesegang found that the diffusion from a drop of silver nitrate 
solution placed on a gelatin film impregnated with potassimn 
dichromate produced a preci]>itate, not continuously, but in rings - 
Liesegang s rings. If the reaction tAkes place in a test-tube, layers 
of precipitate are produced. 

In a summary of recent work on the subject, E. Hatschek 
(‘'Second Report on Colloid Chcmist^}^” Hep. Brit. *4s.soc., 1919, 
21) indicates the various theories advanced in explanation. The 
earliest', due to Ostwald, assumes supersaturation, followed by pre- 
cipitation, and consequent clearing of the immediate neighbour- 
hood of the precipitate from the reactants, so that the diffusing ion 
has to travel some distance before precipitation again occurs. 
Hatschek holds that this theory is disproved by the fact that 
periodic precipitation still takes place in the presence of crystalline 
nuclei of the precipitate or of a jmevious stratification which should 
have rendered supersaturation impossible. Xo allowance is here 
made for the slowness of a reaction in a viscous mediiuu, and it ii? 
assumed that equilibrium exists between the crystals and the sub- 
stance to be precipitated. Barger and Field (T., 1912, 101 , 139". 
and private commumcaiinn from Prof. Barger), however, found 
that a “supersaturated” solution of sajioiiarin was colloidal, and 
the substance did not crystallise on addition of crystals of saponarln. 
Another theory, due to Bradford, attributes the removal of tbf 
reactant before the preeijiitate to adsorption, a view which is fiiv 
cussed later. Other obseiwers have enijdiasised the ])rotective action 
of the emulsoid present as leading to something equivalent n) 
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” supersaturation/’ and it was this influence that W first sought 
to study. 

The material employed was Cox’s best gelatin. A 0‘5 per cent, 
solution of this set readily at the ordinary temperature. Analysis 
showed it to yield an ash of 1*2 per cent., consisting of calcium 
oxide with some calcium sulphate. When dried to constant weight 
at 105°, the loss was 17 ‘6 per cent. All weights of gelatin are 
expressed in terms of the gelatin containing 17-6 per cent, of moia- 
ture, and volume con cent rations are employed throughout. The 
reaction first studied was the production of silver chromate by the 
interaction of silver nitrate and potassium chromate (for literature, 
see Bradford, loc. cit.). 

The following is an example of the method employed. Five c.c. 
of A’’/ 400 silver nitrate were placed in each of a row of test-tubes, 
and 5 c.c. of A /400-potassium chromate into each of another row. 
Then into each test-tube were put successively 2'5, 2'6, 2’7, . . . 
c.c. of O' 2 per cent, gelatin. The contents of corresponding test- 
tubes were now mixed, and the point was noted where the pre- 
cipitate of silver chromate failed to appear, say at 2'7 c.c. of 
orelatin. It was now easy to calculate the concentration of the 
diver chromate and of the gelatin. Thus the gelatin concentration 
is evidently 

X 0'2 = ^ = 0'070 per cent. 

5-h2’7 7-7 ^ 


whilst the normality of the silver chromate solution is 


05 


5 

5+T7 


y 

100 


lO.V 

7-7 X 1600 


0*0008 lA^. 


The weight of gelatin keeping a gram-equivalent of silver chromate 
ill solution, ignoring the saturation concentration in water 
0 0002A, is evidently 

0*070 X lO/O’OOOSI - ■ 860 grams. 

It was soon found necessary to fix a inaximmn time for the 
ap]>ea ranee of the precipitate. This was arbitrarily selected as 
jeveiity-two hours. The test-tubes were inmierse<i in a thermostat 
maintaine<l at 25°, since leaving the solutions exposed to the 
ordinary temperature overnight led to discordant results. By a 
system of rigorous cleaning of the tubes by ammonia, hot water, 
and steaming, results were finally obtaineil reprwhicible within 
'i‘i c.c. of gelatin solution, this being the limit of accuracy 
attempted. 

Observations were made on solutions containing up to 4*5 per 
of gelatin. With the most concentrated solutions, precipita- 
doii usually started at the surface of the gel. This was juost prob- 
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ably due to ^aporatioE of water to the slightly cooler portion of 
the corked tube above the surface of the water in the thermostat. 
It did not seem likely from its appearance to be due merely to 
adsorption concentration on the surface. With the moderately 
concentrated gels, precipitation was usually general and very fine, 
although at other times it was more massive. With the solutions 
that did not set, there occurred an interval just at the limit of 
precipitation, where a very small trace of precipitate settled out 
and no more appeared. This was strikingly like the separation 
from a slightly supersaturated solution of the excess of solute. 
With the very dilute solutions, the precipitate which appeared was 
almost invariably in the form of extremely minute crystals at the 
bottom of the test-tube. Here the'slowmess with which a pre- 
cipitate appeared, and its minuteness when it did appear, rendereci 
observations somewhat difficult. Sometimes at any concentration a 
point wonld be found in a series of precipitates where no precipitate 
had appeared on keeping, and inoculation with a trace of pre- 
cipitate did not induce immediate precipitation. Table I 
exemplifies the reproducibility of the results. Here a plus sign 
indicates presence of precipitate in quantity, a pins with an interro- 
gation the trace of precipitate referred to, and a minus al>sence 
of jirecipitate after seventy- two hours. 


Table I. 

.V /400-Silver nitrate and .V/400-potas?inm chromate. 0'2 Per 
cent, gelatin. 


C.e. cel. Precipitate, 

C.c. cet PreeijMtate. | 

C.c. gel. Precipitate. 

1-8 -P 

i 2-t -P 

2-ti V? 

2-0 

-P? 

2' 8 -n? 

2-2 -f 

2-8 - 1 

3-0 - 

2-4 P- 

:{0 


2-6 -~ 

3-2 - 1 


2-8 - ^ 

3'l - ' 



The results of a series of such observations are presented in 
table IT, where the first column gives the volume in litres of solution 
containing a gram -equivalent of silver nitrate and potassinni 
chromate, and the last column the number of c,c, of gelatin solu- 
tion added to o c.c, of the reacting solutions. From table TI may 
be calculated, by the method already exemplifiwl, the values given 
in table III, where the, first column contains the normality of the 
silver chromate, the sec-oiid the ])ercentage comx'ntration of the 
gelatin, and the last the weight, in grams, of gelatin preventing 
precipitation of a gram-equivalent of silver chromate. 
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Table II. 



Gelatin. 


Volume. 

Per cent. 

C.c 

5000 

0-0 

00 

1000 

0 001 

0-8 

800 

O’Ol 

10 

GOO 

0-01 

2-3 

650 

01 

1-5 

600 

0-2 

1-6 

400 

0-2 

2-7 

800 

0-2 

4-7 

2.50 

0-5 

3-7 

200 

10 

3-] 

100 

10 

7-7 

60 

20 

11-8 

50 

3-0 

0-5 

26 

60 

13-8 


These results are presented in 
It will I?© seen from Fig. 1 that S) 
there is no indication 
of a limiting concen- 
tration of silver 
chromate above which 
gelatin will fail to 
prevent precipitation. 

Another remarkable 
feature is the small- 
ness of the weight of 
gelatin ])reventing 
precipitation at the 
lowest concentration. 

We jiiay compare this 
with the values calcu- 
la ted from Zsig- 
mondy s gold numl)ers 
unol. i'hfm., 

1902. 40 , (197) for 
gelatin. Thus 10 c.c. 

•'f a gold sol contain- A. 

iug 0‘05o gram )u>r 
litre wore f>roteotetl ])v r 

0(i0:)_001 inilligr.!,;, ^ ‘'“'® 

Ot gelatin . that is, 1 ^ 

gram of gold re<juire<l 
0 01— 002 gram of 
gelatin, whilst hero, in 
‘‘ solution containing 0 OS <rram of 
•’«iuire3 002 gram of gelatin. I 


Table III. 


Nor- 

Gelatin. 

Gelatin. 

mality. 

Per cent. 

E . W . 

0-0002 

0-0 

0-0 

- 0-00043 

0000 ] 4 

3-2 

0-00052 

0-0017 

32-0 

0-00057 

0-0031 

55-0 

0-00070 

0-023 

330-0 

0-00077 

0046 

600-0 

0-00081 

0-070 

860-0 

0 - 0008 5 

0-097 

1130-0 

0-00115 

0-20 

1850-0 

0-00154 

0-38 

25000 

0-00197 

0-61 

3100-0 

000297 

1-40 

4700-0 

0-00345 

1-96 

5700-0 

0-0053 

4-4 

830 v -0 

'aphical 

form ill Figs. 

1 and : 


far as these observations extend, 
Fio. 1. 



>-jlver oh rum ate })er litre. ! gram 
n the case ot the gold, the pro- 
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tection was exei'cised agaiust 1 c.o. of 10 per cent, sodium cMoride 
solution (1-7^V). In the case of the silver chromate, a slight excess 
of either reactant or of both above the concentration limits given 
causes precipitation. Another electrolyte is, however, present, 
namely, potassium nitrate, the other product of double decomposi- 
tion, but adition of 10 per cent, solution of this salt (I’OA) to 
any of the protected silver chromate failed to produce precipitation. 
From the shape of the graph in Fig. 2, dilution of any protected 

solution tends to in- 


Fig. 2. 



0‘00l O’UOj 


crease the protection 
considerably, since the 
curve is very concave 
to the y-axis, and the 
graph of the concen- 
trations in the diluted 
polution is a straight 
line joining the 
original point to the 
origin. 

Experiments were 
now made on the pro- 
duction of periodic 
preci]>itation in 3 per 
cent, gelatin. From 
Fig. 2 it is seen that 
the concentration of 
silver chromate niav 
be 0 0043A without 
))recipitation. Actu- 
ally, it was found that 
solutions made by 
diluting A/oO-react- 
aiits to produce 


O' 005 A -silver chromate 

Q 

precipitated on keep 

iiig, whilst those from A /CO, producing 0 0042*1, were stable. 
The initial solutions were made up by weighing, and the concentra- 
tions checked by titration. For some experiments to be describe*! 
it was not desirable to have present any exces.s of either Ag of 


CrO*^ 

From the assumption that the ' i)rotecte*l ’’ silver chromate juigln 
bo functioning as a colloid, it seemed reasonable to expect general 
precipitation to follow diffusion of either Ag or into a gel 

containing the maximum amount of silver chromate. Coiise 
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queiitly, a series of tubes were half filled with 3 per cent, gelatin 
made A7240 with r^pect to silver chromate. The gel was allowed 
to set, and then solutions of silver nitrate and potassium chromate 
were poured above the gel. The results of a typical set of experi- 
ments are shown in tables IV and V below. It is to be noted that 
the earlier solutions are hypotonic to the salt solutions in the gel. 

Table IV. 

Solution above 


gel. Result of diffusion beneath surface. 

A/^oO-AgNOa Reddish haze 2 — 3 cm. below surface of gel. 

A/iOO'-AgNOj Intense reddish haze 1-5 — 2-ij below surface of gel. 

^/lOO'AgNOj Trace.s of bands at 0-5, 10, 1-5, 

A'/.W-AgNOj Bands at 0-2, 0-5, 0-9, 1-4, 2-1, 3-2, haze at 4*0. 

A/lO-AgNOa Fine bands 0— 0-0. 

X/2-AgNOj Thicker and closer bands 0 — 4*5, etc. 

Table V. 

.Y '250-KtCrO| Haze O a — 2*5. 

.V; 200 -K 2 CrO 4 Haze 0-5 — 3 0. 

.Y lOO-KjCrO, Thick band O-o, trace at 0-9. 

.Y/aO-KjCrOj Thick bands 0-2, 0-5, O' 8, 1-5. 

A 7 I 0 -R 2 t’rt )4 Thick bands 0 3, O fi, 0-9, 1-5, 2'3. 

y/ 2 -K..Cr 04 (^Icnoral precipitation with banded structure visible 

' ■ 0—19. 


In all cases, there was a precipitate at the actual interface. 

It will be seen that even under the conditions given, stratifi- 
atioii took place. This tneaus that in some manner or other the 
el beneath a strain jn of precipitate was cleared of the silver 
hroniate. Whatever the cause, so to clear a perceptible space, 
lifiiision must have occurred. In other wmrds, the silver chromate 
lid not function iis a colloid with a slow rate of diffusion, 

III some cases, the precipitate did jiot extend to the bottom of 
tlie test'tube, whicli was prcsuinahly due to exhaustion of the silver 
ckumate by diffusion towards the preeijntate. This was confirmed 
ill the case of snperimpo'-cd silver nitrate l>y the disappearance of 
the yellow colour from the gel, Where no stratitication was 
recorded, liazcs were sometimes noted, wliieh were sejiarated by 
dear intervals, ami occasionally these hazes grew more intense in 
colour until a ju’ecipiiate {'uiallv appeared. Where the more con- 
'eiitrated silver solution^ were above the Lfols, there was frequently 
periodic procipibation above the >urfa(,n\ strata appearing for 
j^fveral mm. on the gla.'^s walls of the tnl>e. In other eases, long, 
thin fibrils of silver chromate grew from the walls, 
fhe next step was to find if the silver ehramate diffustxl at all 
readily. Test-tubes were filled with the protected mixture as 
jh^ilore, and the jelly was allowed to set. Above this, to a de})tli 
pido cm., was carefully poured and allowcMl to set ^olue 3 per cent. 
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gelatin containing (a) iV/120'potassmm nitrate, (6) i^/240- 
potassium nitrate, (c) no addition. In all cases, there appeared a 
cloudiness above the interface, which with the 120-potassium 

■nitrate advanced about 0 5 cm., but in the other cases appeared to 

extend as much as 1*6 cm. ultimately. After five days, A /2-silver 
nitrate and A/ 2 -potassium chromate were poured on the top jelly. 
In all cases, there was precijntation at the top interface of silver 
chromate extending a millimetre or two downwards, and there 
appeared isolated portions of precipitate here and there before the 
second interface was reached. Precipitate did not form at the 

second interface, but some distance beneath, as much as 07 cm. 

in some cases. The precipitate obtained with the silver nitrate 
was in all cases much greater than that obtained with the potassium 
chromate, which is exactly the effect to be expected from the theory 
of the solubility product. 

It seems noteworthy that the precipitate in the upper jelly shoukl 
be concentrated at the surface. In one case, where a tube broke, 
the top of the jelly was cut off, and, on immersion in N / 2-potassiuin 
chromate, the precipitate formed 2 mm. beneath the cut. This 
almost suggests previous adsorption at the air- jelly interface of 
the unprecipitated silver chromate, as well as subsequent diffusion 
toward 5 the precij)itate. It also suggests that in some way there 
might be a transfer to the top surface by detachment of part of 
the fu'st jelly when the second was poured in, Although unlikelv, 
this was tested. The second jelly was cooled before pouring in, so 
as to set almost immediately, and a layer was allowed to set before 
a second supply was poured in to make up the 2'5 cm. The effect 
was obtained as before. It was not obtained when the *V/ 2-silver 
nitrate was poured on immediately, thus ]) roving that diffusion to 
the new surface had not yet taken jrlace. By reducing the depth 
of the top jelly, it was possible to obtain quite early precipitation 
in it by means of diffusing silver ion. Finally, jellies oontaininif 
T/ 240-potassium nitrate were made to set in the Wnd of small 
U-tubes, and theji .Vy 240-si!ver chromate jelly set in one limb. 
After a week, A; 2-silvcr nitrate was poured in the other limb, and 
a precipitate of silver chromate ap[)eared at the surface of tk 
jelly. There could be no chance of detachment of surface in this 
case. 

Tho-e experiments tear! to the coiidusion that the silver chromate 
diffuses like a crystalloid. Two scries of tubes were set up contain- 
ing, respectively, A/240 silver chroinate -■ .V/ 240-{)otassium uitratf 
and A /240-])otassium chromate t A/240 j>otas.sium nitrate, with 
superposed .V/240-]>otassium nitrate jelly, At equal interval 
A /2-silver nitrate was poiired on the toj> jelly in correspmicling 



PERIODIC PRECIPITATION. PART I. 


851 


tubes, and the precipitates obtained were very similar, suggesting 
that the diffusions were comparable in the two cases. The experi- 
meJits on diffusion were performed both in the thermostat and at 
the ordinary temperature. 

It is not yet certain whether the behaviour of the silver chromate 
is due to some property of the gelatin itself or to the impurities 
in it. In the 3 per cent, gelatin employed, the concentration of 
Ca‘* would be O' 01 2 A", which is considerable. On the other hand, 
ill the very dilute solutions earlier examined, the concentration of 
0a" would be relatively negligible. Fig. 2 is evidently the solu- 
bility curve for silver chromate in gelatin solutions at 25^, and 
from it the solubility product may easily be calculated for different 
"'^ncentrations. 

Our conclusions are that precipitation of silver chromate occurs 
fcording to the usual rules of the solubility product. By diffusion 
»wards the precipitate, the next portion of the gel is cleared of 
le second ion more quickly initially than the precipitating ion 
in reach it in quantity, thereby setting up a concentration 
radient, so that this ion must travel some distance before further 
recipitatiou takes place. It is obvious that the gel incidentally 
rovides mechanical support for the precipitate. 

The distance at which a second stratum appears is evidently 
ependewt on the relative rates of diffusion of the precipitating 
say, Ag* and of the CrO'^ The diffusion of the first ion may 
e hindered by the precipitate or by precipitation at the pro- 
ipitate. The faster the second ion diffuses to the precipitate, the 
iirther from the precipitate will be the mean value of the con- 
:eiitration in the region of diffusion, and hence, under suitable 
wiitions (that is, not too high concentration of one reacfant, for 
example, potassium chromate, behind the jnecipilate), the further 
from the p reel jd tat e will l)e the place at which, new precipitate 
form.v Diffusion is a very slow process, and in the case considered 

I III only be accelerated by reducing the concentration to which 
ilfudou proceeds, that is, the concentration at the precipitate. 
Bradford as.su mes this reduction is accomplished by adsorption, 
it although adsorjdion at the surface of the adsorbent is faster 
lan diffusion, it cannot accelerate diffusion otherwise than is here 
idicated, and since simple continuous precipitation at the stratum 
Guld have the same effect, it is unnecessary at present to assume 
cisorption. 

Svm7t\arif. 

■ dl OWervatioiiR have }>oeii made on the variation of the solu- 
of silver chromate with gelatin-conoentratiou in atjueous 
^iuiioii at 25®. 

yol cxvn. 


K K 
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(2) It is shown that the silver chromate does not behave as a 
protected C5olloid^ but as a crystalloid, and that its precipitation 
follows the usual rules of the solubility product. 

Chbhistsy Dbpabtment, 

University, Edinbckoh. [Received, Mau WIO.] 


XCV. — 2'ke Influence of Nitro- groups on the Re- 
activity of Substituents in the Benzene Nucleus, 
Part 11. The Dinitrotoluenes* 

By James Kenner and Michael Parkin. 

A REVIEW of the results obtained by previous workers on tlv 
reactivity of substituents in the benzene nucleus, as deterrained b’ 
the presence of nitro- groups in the ortho- or para-position le( 
one of us (Kenner, T., 1914, 105, 2717) to associate this influenn 
with the meta-directive properties of this group, and it was su^ 
geeted that ortho-para-directive groupings or atoms might eoiifei 
mobility on substituents in the meta-position. Further, it war 
concluded that the displacement of such mobile substituent- 
depended primarily on the formation of a molecular compoumi, 
which underwent rearrangement and decomposition, leading to the 
products actually isolated. In this way, the failure of the iiitro- 
group to exert its usual steric effects was accounted for, but the 
action of such influences, for example, on the part of methyl group?, 
ill inhibiting the formation of the necessary additive compoun! 
furnished a simple explanation of some exceptional cases which 
previously seemed inexplicable. 

With the object of testing the validity of these conclusions, ii 
qualitative study of the action of ammonia and sodium inethoxule 
on 2:3-, 3:4-, and 2 : rj-dinitrotoluenes haii been made. 

Of the two nitro-group.? in 2 : 3-dlnitrotoluene, it is clear trniii 
the foregoing that the effect of the methyl grou}) would be expect el 
to nmke that in the 3'])o^ition the more mobile. A necessary pre- 
liminary of its displacement, however, is the formation of as: 
additive compound with the 2-iutro-group, but this is stericallv 
inhibited by the methyl and the 3 -nit ro- groups, As a result, the 
3 nitrO'group must take part in the preliminary reaction, and the 
2-nitro group be displaced. Exjuu-lnient fully con firm e<l this 
inference, the respective products of the action of sodium metho.xidc 
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and of methyl-alcoholic ammonia being easily identified as pure 
6-nitro-o-tolyl methyl ether and 3-nitro-o-toluidine. 

The case of 3 ; 4-dinitrotoiuene is simpler, since the two nitro- 
groups are equally accessible for the purpose of the formation of 
the preliminary mol^ular compound- The influence of the methyl 
group again favours the displacement of the 3-nitro-group, and, 
indeed, the product of the action of methyl-alcoholic ammonia at 
150'^ was found to consist to the extent of 93‘o per cent, of 4-nitrO' 
OT-toluidine, the remainder being in all likelihood 3-nitro-p- 
toluidine. The main product of the action of sodium meth oxide 
was an insoluble compound, evidently of high molecular weight, 
and very probably a stilbene derivative of the type prepared by 
Green (T., 1908, 93 , 1721) from /^-nitrotoluene, A small amount of 
G-nitro-m-tolyl methyl ether was obtained; the oily portion of this 
product, which did not crystallise, may possibly have contained 
'2-nitrO'p-tolyl methyl ether, .since this compound is described as 
melting at 8‘5° (de Vries, Rec. trav. chim., 1909, 28 , 2), but the 
quantity available was too small for identification. 

The results obtained with 2 : o-dinitrotoluene show that in this 
case both the possible isomerides are produced. Whilst the 5-nitro- 
group may be expected to be the more mobile, it is not surprising 
that the steric influence of the methyl group above referred to 
asserts itself and sufficiently reduces the velocity of formation of 
the additive compound with the 2'nitro-group to permit of the 
r)]nlrO'group taking an appreciable part in the preliminary reac- 
tion. When, therefore, 2 ; Tdinitrotoluene was heated with methyl- 
alcoholic ammonia at 160*^ for six hours, a period which sufficed 
ior the completion of the reaction in the case of the 3:4-i?ojneride, 
about 45 per cent, of the dinitro-com pound remained unchanged. 
By prolonging the reaction, a mixture of amines was produced, 
■onsisting of about 88 per cent, of 5-nitro>o-toluidine with 12 per 
■eut. of 6-nit ro-nt-tolui dine. On the other hand, the relatively 
imall quantity of crystals which sej)arated from the oily product 
}f the action of sodium methoxide on the dinit rotoluene consisted 
)f 4-iiitro-7n'tolyl methyl ether. Apparently, therefore, the 
influence of the methyl group is not sufficiently great completely to 
prevent the formation of the alternatively possible products. 

The colour changes, indicative of the formation of an additive, 
eompound. which take place on adding ammonia to the three 
flirntrotoluenes are in acc’ord with tlm ex])lanations given above. 
3d-I)initrotoluene at once give- a red coloration in the cold, the 
‘-:5-pompoiind gives a rod colour only on wanning, and the 
-3 compound givc-s only a yellow colour, even when the mixture 
is heated, 

K K 2 
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The experimental results are therefore easily explained in terms 
of the hypothesis previously advanced. This is also very largely 
true of the interesting data communicated by Holleraan and his 
collaborators {Rcc. trav, cliini,, 1915, 35, 1), and summarised below 
in regard to the dichloronitrobenzenes and the ohlorodinitro- 
benzenes. In the table, the figures in clarendon type indicate the 
substituents which suffer displacement under the influence of sodium 
methoxide, diethylamine, or ammonia: 


Read ion Reaction 

constants at 8')® constants at 25^ 

(time in hours). (time in hours). 


NO. ; Cl : Cl. 

CH^ONa. 

(C,H,)sNH. 

Cl : NO 2 : NO 2 . 

CHgONa. 

NH,. 

1:2:4 

19-41 

0'027 

1:2:4 

90-6 

0-0206 

1:3:4 

17-42 

0'0044 

1:2:5 

33-5 

0-00512 

1:2:5 

3-93 

00067 

1:3:4 

26-22 

0-00807 

1:2:3 

1-74 

0-0016 

1:2:3 

6-0 

0-0137 

1:2:6 

0d35 

0-00024 ' 

1:2:6 

2-76 

0-0121 

Considering 

first the results from the dichlorouitrobeiizeues, 


the displacement of the chlorine atom in the ortho-position with 
respect to the nitro-group in the 1 : ll : 4-compound in preference to 
that in the para-position is particularly interesting. It is in 
accordance with the views now represented, but the fact that the 
reaction constant of p-chloronitrobeiizene is greater than that of 
the ortho-compound led Holleman to expect that the para- atom 
would be displaced. It will be observed that the order of the 
constants observed with diethylamine dilTcrs slightly from those 
obtained with sodium methoxide. showing that the nature of the 
reagent cannot be neglected in considering the relative activities 
of such compounds. The order of the values obtained with sodiuii) 
methoxide corresponds with that to be anticipated as a result of 
applying the considerations already discussiMl. lloth the nitro- 
group and the second chlorine atom ro-0}>erate in rendering one 
of the chlorine atoms of the 1 : 2 : 4 isoinerido nioldle.; in ih»> l”:)-!- 
derivative, the influence of the 3 chlorine atom is ('^>ntrary to that 
oMhe nitro-gronp, but there i> no steric hindrance to the form- 
ation of the additive compound such as may vorv ]>ossiblv occur 
in the case of the otherwise similar i : 2 : .l-derivative; 'in the 
l_:2:3-compouiid there the added complication of sterie 
hindrance by the Ldiloriue atom in the i^witiou to the later stators 
of the reaction, whilst the relative staldlitv of tlm i : ” • (l-isonierhle 
IS amounted for by the powerful stcric hindrance to the formation 
ot the initial compound. 

rhe chlorodmitrobenzencs are me , it inuTe.-ting, since all three 
su^tituents are capable of di.-placrmerit , Ap^.arentlv, only one 
product ir obtained in each and the result of displacem'ei.t b 
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in every oaae in aeoord wifcli anticipation, except that in the case 
of the 1:2: S'oompound it is not possible to foresee which of the 
opposing influences discussed in connexion with 2 ; S-dinitrotoluene 
will be the stronger. The great divergence between the order of 
the values of the two sets of reaction constants suggests that in 
one or both aeries the nature of the nitro-derivative is not the 
chief determining factor in determining their, relative activities, 
and little value can attach to their discussion from this point of 
view. Of the two serie^^, the values oh'tained with sodium meth^ 

o. vide correspond the better with the view.s expressed above. A 
prominent feature of the quantitative results is the great increase 
in the magnitude of the constants over those of the corresponding 
dichloronitrobenzenes. Holleman illustrates this by a comparison 
of 2 ; 4-dichloronitrobenzene with 4-chloro odinitrobenzene (1:3:4), 
of 3 : 4-dich!oronitrobenzene with 2 chloro-;>-dinitrobenzene (1:2:5), 
and of 2 : 3-(iichloronltrobenzeiie with S-chloro-o-dinitrobenzene 
(1:2:3). Of each pair, the first suffer? displacement of a chlorine 
atom, the second of a nitro-group in molecules otherwise identical, 
hut the ratios of the respective constant-- at 25" are 800, 1000, and 
2000. Similarly, the chlorodinitrobuizenes react with methyl- 
alcoholic ammonia at 100". but the dinitrotoluenes were recovered 
practically unchanged after treatment under such conditions. 

As regards the constitution of the intermediate compounds postu- 
lated in these reaction?, arguments were advanced in the previous 

p. iper against the qnirionold forinula (1), proposed by several 
workers, and preference was given to Werner's (II) or, alternative! v, 
to Pfeiffer’s fonnula (III}; 




(III.) 

The result? since ohtaimMi would ai^pear to strengthen the case 
again.st the qiiinonoid forum la. which oan offer no satisfaetorv 
exjdanation of the fnrniaiion ol mie oj the j'ossible isnmerides. 
either alone or in an r.verwhelminglv { tcdominaling amount.. For 
example, in order to e.x plain on this basis the formation of 3-intro- 
'>t.o]iiidine from 2 ; 3-dinitrotolueue, it appear? necessarv to assume 
that the methyl group exerts some dir^'ctive influence, resulting in 
the formation of the- compoumi (IV), In the ca^e of 3 :4-<liiiitro- 
tcluene, however, such an influence would be ex}>ected to involve 
the formation of the product (Vi. from which 3 niln>/Moluidine 
should l)e obtained. 


X NHR 

\/ 

^ (I ) 


R'N' 




OH 


(ll.) 


NHR, 
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Considerations of this kind appear to lead inevitably to the 
choice of some formula of the type (II) or (III). 


Me 

Me 

/\/NO, 

pXHR 

n 



/\ 


RHN NO„ 

(IVA 

(V.) 


Experimental. 


The dinitrotoluenes were prepared according to the directions 
of Meisenheimer and Hesse {Ber., 1919, 52, 1161), whilst the 
strengths of sodium nieth oxide and ammonia solutions were those 
employed by Holleman (/or. cif.), in order that the results obtained 
in the two series of experiments might be com])arable. 

Action of SwHum MfAhoxuJe on 'l\?>A)initruioJuene.~-^\'^- 
Hinitrotoluene (ho grams) was heated for nine liours on the water- 
bath with a solution of sodium (0-9 gram) in methvl a 1 echo] 
(5 C.C.). The product consisted of a dark oil. which distilled 
almost entirely at 140°/ 94 mm., leaving a small, tarry residue. 
There can be no doubt that the product was O-nitro-o-tolyl methyl 
ether, since this compound, which is referre<l to bv Hofmann and 
Miller (5cr. , 1S8I. 14. o6S) as a yellow liquid, was obtained as a 
golden-yellow oil (b. p. 134° '21 mm.) In- the action of sodium 
methoxide on 2-chloro-3-nitrotoluene (Found: Calc • 

N = 8'38 per cent.). 


2 -Blmeihoxii-?i -.y -azonitnJvcne, \ 

aiTllMe ()M7^fe 

which wa.s also produced in small amount iu the above preparation, 
separated from alcohol in diamond-shaped prisnm melting at 144° 
(Found: N^9'86. requires N-'9‘79 per cent.). 

Action of Ammcmi/i on *l:'^^!hnitrofoiupnc . .The dinitroconi- 
pound was quite unafTeeted 1,y treatment on the water-bath with 
2‘5M-methyl-alcoholic ammonia fi’O c.c.). T!ie ini.xture wa.'s there- 
fore heated under pressure for fifteen hours at 150 -160°. The 
resulting solution, on evaporation, left a resirlue (m. p. 07°). which 
did not de])ress the melting point of 3-nit ro-^;-toI nidi nc 

2 : Z-DinitrofohnoP. - -2-Xitro-;n-toIuidine was 
obtain^ by Limpricht {Bcr., 1885. 18. M52) bv reducing 2:3-di- 
Bitrotoluene with hydrogen sulphide in Hoiling alroholio ammonia 
solnfaon^ As it was a possible pro^limt of (ho above readion, it 
was decided lo attempt it« preparation. 
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(1) In an experiment by Mr. H, Burton, hydrogen sulphide was 

passed for three hours through a boiling solution of the dinitro- 
coinpound (3’6 grams) in alcohol (25 c.c.) to which ammonia solu- 
tion (10 o.c. : I) 0'880) had been added. The product obtained 
after filtration and evaporation was fractionally crystallised from 
alcohol. The main product, after recrystallisation from benzene, 
consisted of yellow prisms melting at 150°. Analysis showed it 
to be dimtrodiiolyl sulphide, (C,in 3 Me*N 0 . 2 ) 28 , most probably the 
‘2:2^ : 6 : 6 '-isomeride (Found : N =^ 8 ' 02. requires 

X:= 9-2 per cent.). The more readily soluble product, after re- 
crvstallisation from l^iizene, melted at 54°. Although LimprichFs 
base melted at 55°, it is uncertain whether our compound was 
2 'uitro-wi-toluidine, since it was not acetylated under ordinary con- 
ditions. The quantity available was too small for analysis, and 
the course of the present work did not necessitate closer 
investigation. 

(2) A solution of stannous chloride (11‘4 grams) and hydrogen 
chloride (16 grams) in absolute alcohol (50 c.c.) was added drop 
hv drop to a cold solution of 2 : 3-dinitrotoluene (3 64 grams) in 
alcohol (50 C.C.), After half an hour, the solution was diluted 
and p.Ktracted with ether. The residue, after evaporation of the 
(ther. was resolved into its components by treatment with light 
petroleum. The more readilv soluble consisted of unchanged 
(linitro cornjjouiid, whilst the sparingly .soluble product ( 1’2 grams) 
separated from a mixture of ether and light petroleum in long, 
iiout, deep red jn'isnis melting at lOG" (Found: X- 18*45. 
(\jTT;, 0 }X 4 requires X I'^ GG per cent.). The compound was 
lierefore a dlnitrodzofoUtnn', probaldv the 2:2':3;3'- rather than 
;he 6 :G' : 2 ; 2--isomeride. 

.\ettiu) of Soibuin }fifhinyd< nu pro- 

uiicts obtained from 3 : 1 dinitrotohiene (3 grams) con-iste<l of a 
Mack, imsohilde j)nxln('t gram), probably a stil!>ene derivative 
'H'p p. 8, 13), a dark re<l, resinon- ]>roduct (b o gram) soluble in 
alkali, and an oil. From tlm latter, a tew crystals separate<l after 
weeks. These, after purificatinn bv draining on a piorous tile 
atid solution in light petroleum, were o)»t:iined as colour les' plates 
iiielting at 53 57°. A mi xt tire witli an equal quantity of the 
r.'riiiinal iliuitrotobiene (in, p, 50 Gii 'i sr>ftened at 4^ ^ud ineUe<l 
coinpletelv at 5(>’t The quantity available was too small for 
analysis, but there can be little doubt that, the ^ubstanoe was 
''•nitro-ertolvl methvl ether, the de.st'ript ion of which (X>rresponds 
'bith mir ])r(x]uct. and of which the melting point is variously 
riven a.s 51 52' (Bei'-serl and Scherk, /frr,. 1898. 31. 398b Gt’'" 
(Pisrlier and Higaud, //rr,. 19ib.‘, 35, 1259). and G2 (Khotinsky 
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and Jacopson-Jacopmaiin, Btr.^ 1909, 42 , 3099). 2-Nitro-/>-tolyl 
methyl ether forms pale yellow crystals melting at (de Vries, 
lac. cit), and it is therefore possible that, some of this was present 
in the portion of the oil which did not solidify, 

Action of A7n7>iania on ^:A~I)inifrot(>fuene.—Yrom the product 
obtained by heating 3 :4-dinitrotolnene (1-82 grams) with 2'5iV- 
methyl-alcoholic ammonia (32 c.c.) for six hours at 150^ were 
obtained pure 4-nitro-m-tohndine (m. p. 109°; M grams), and a 
further quantity (O' 15 gram) of impure product (m, p. 82°). By 
the application of ITolleman’s freezing-point method, it was shown 
that this corresponded with mixtures containing 4-nitro-w2-toluidine 
with either 32 or 61 per cent, of 3-nitro-/;-toluidiue. Silica the 
addition of the latter base to our product caused a rise in the 
temperature of solidification in agreement with the calculated, it 
contained 61 per cent, of this base. 

i-Sitro-iyfoh/l Mcfhj/I Bfher, — The product of the interaction 
of 2-chloro-5-nitrotoluene and sodium methoxide, after isolation in 
the usual manner, crystallised from light petroleum in long, radiate 
needles melting at 63° (Found; X-^8*3o. CqHgO.^N requires 
N~8‘38 per cent.). 

Action of Soffium ^fcthoride on ‘I :o-DI?ufrotoluenf.~T\y 
action of sodium methoxide on 2 ; n-dinitrololuene (3 grams), an 
oil (2 grams) was obtained, from which a quantity of crystals 
separated overnight; a further quantity separatetl when the oil 
was stirred with light petroleum. These, when collected and 
purified by crystallisation from light petroleum, melte<i at 55°, 
melting point of 4-nit ro-rn-tolyl methyl ether (Reissert and Scherk. 
loc. cit). A mixture with the original dinit ro-derivative liquefid 
at the ordinary temperature, whilst that with 4 nitroo-tolyl methvl 
ether melted at 28°. It is therefore clear that one of the prwluct'^ 
of the reaction was 4-nitro-m tolyl methvl ether, but the other 
possible isomeride may also have been present, since the oil did 
not solidify completely even after some months, 

^-yitfo-m-tohiidine . — This compound was prepared according to 
the directions of Xoelting and Stoecklin (Bfr., 1891, 24 , 564). who 
recommend steam-distillation of the ]>roducts of nitrating 
m-toluidine until the distillate is no longer yellow. It was. how- 
ever, found that G nitro-uz-toliiidine is sliglitlv volatile in stean^. 
and therefore the yellow colour docs not (wnpletely disappear. 
When 16 litres of distillate, containing ] I ? grams of base, had fwn 
w ecte from the product of nitrating 32 grains of w-toluidine. 
the melting point of the crystals deposited, which had gradually 
nsen during the distillation from 63 = to 87°. suddenly rose to 133^ 
w 1 C was a, so tne melting point of the re^^iclue in the dial illation 
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flask. Although the authors named give 138° as the melting 
point, this could not be attained in the present case, either by 
repeated crystallisation or by purification of the base through its 
acetyl derivative, which was easily obtained by the addition of a 
drop of sulphuric add to a mixture of the base with aoetio 
anhydride. It separated from dilute alcohol in small prisms 
(m. p. 104°), and was easily hydrolysed by treatment with con- 
centrated hydrochloric acid (Found; N-14‘20. Calc.: N = 14'4 
per cent.). 

2-Nitro-b-nitrosotolueyne. — 6-Nitro-m-toluidine (10 grams) was 
shaken for sixteen hours with Caro s acid (400 c.c.) from potassium 
persulphate (70 grams) and sulphuric acid (77 grams). The pro- 
duct (7 grams), after crystallisation from alcohol, melted at 113° 
(Found: C = 50‘37; H = 3*59. C 7 H(j 03 N 2 require C= 50*60; 

H = 3-61 per cent.). 

py oxidation with fuming nitric acid (10 parts), it was easily 
converted into 2 ; S-dinitrotoIuene. 

Action^ of Ammonia nn 2 :5'Dinifrotoluene. — The dinitro-oom- 
pouiid (1 gram) was heated with alcoholic ammonia (32 c.c.) at 
150° for fifteen hours. The re.sidue obtained by evaporating the 
resulting solution was stirred with cold concentrated hydrochloric 
acid. The bavse precipitated from the acid solution by ammonia 
melted at 115 — 120°, but after crystallisation from dilute alcohol 
it melted at 127°, as did also its mixture with omitro-o-toluidine. 
Since, on the other hand, its mixture with Gmitro-m-toluidine 
melted at 114 — 115°, it is clear that the proeluct in question was 
5-iiitro-o-toluidine. The low yield was due to the formation of a 
tarry product, which was insoluble in hydrochloric acid, and was 
not further investigated. According to measurements of the 
solidification points of mixtures of 5-nitro-o toluidine with G-nitro- 
w-toluidine, the crude base precipitated from acid solution 
contained about 88 per cent, of the former. 

The authors w'ish to take tins opportunity of expressing their 
?ratefiil acknowledgments of the assistance afforded them by a 
rant from the Res^earch Fund of the Chemical Society, and by 
lossrs. The British Dyestuffs Corporation (Blackley). Limits!, in 
upplyitiff them with o-toluidine. 
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Complex Metallic Ammines, Part III, 
Dichlorotetrapp'idinecohalt Salts. 


By Thomas Slater Price, 


In a previous communication (Price and Brazier, T., 1915, 107 
1913), it has been shown that ^rrt??^-dichlorodiethyleuediamine- 
cobalt salts give rise to peculiar additive compounds with certain 
organic dibasic acids. Evidence was obtained that this peculiaritv 
is also shown by the ^rans-dibromodiethylenediamiuecobalt salts 
It is characteristic of these two series of salts that the chloride or 
bromide from which they are derived forms additive compound.^ 
with the respective halogen hydr acids, namely, 
l:6[CUCoen.lClHCl.‘2ir,0 

and 1 :6[Br.,CoenJBr.HBr;2H.O. Dichlorotetrapyridiuecobah 

chloride and ?/n7?s-dichlorotetramniiiiecobalt chloride do not, how- 
ever, form additive compounds with the halogen hydr acids, thei-' 
respective formulae being [Cl.,CoPv^]Cl,6H.,0 and 
[ClCo(KH3)j]Cl,H,b, 

and it was therefore of interest to see if the formation of arlditive 
compounds took place when their salts with diba-sic organic aciib 
were prepared. The dichlorotetrajwridinecobalt salts were chosen 
for examination, since they are fairly stable in aqueous solution 
(Werner and Feenstra, /irr.. 1906, 39 . Io3S). wherea.'^ the dichloro- 
tetrammiiiecobalt salts rapidly change to ohloroaijuo- and dimpio 
tetrammine compounds. Werner and Feenstra (for, rit.) pre])arf.f 
dichlorotetrapyridinecobalt chloride iw the a-dion of chlorine on an 
aqueous solution containing cobalt chloride and pyridine. It heiir 
somewhat difficult, according to this methcwi, to regulate the ainonut 
of chlorine entering into reaction, it was decided to generate the 
chlorine electrolytically in the presence of the solution of c'ohalt 
chloride containing pyridine, the necessary chlorine being provided 
by the addition of sodium chloride to the electrolyte. A divide! 
cell was used, and the preparation was coin]>letely successful.' 
better yields of dichlorotetra]nTidinecobalt chloride l/eing ol>taimd 
than by Werner and Feenstra’s method. 

The chloride thus prepared had the a|>i>earHnce descrih.ed ly 
Werner and Feenstra, and gave the correct analytical results, hut 


When pyndine is rcplrwecl l,y ethylen.aiaminc a mixtum nf dichluru. 
diethylencdiamuiocohalt ohiuride and triethylencdiamineoobnlt chloriue 
ap^ars to be formed, With diethylaminn in place of pyridine an insnluhir. 
an ojhous grem complex cobalt com{»ound is produced, the coiupo..iti..n of 
which seems to Ije variable and has not yet lioen elucidated. 
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when various tests were applied to its aqueous solution, soine dis- 
crepancies were noticed. For example, Werner and Feenstra state 
that a 5 per cent, solution gives no precipitate with mercuric 
chloride, cobalt nitrate, or ferric chloride. With the specimen 
prepared electrolytically, however, a 5 per cent, solution could not 
be obtained at the ordinary temperature, but only an approximately 
1 per cent, solution ; this gave precipitates immediately with 
mercuric chloride, cobalt nitrate, and ferric chloride. In order to 
find an explanation of these discrepancies, a sample of the chloride 
was prepared according to Werner and Feenstra's method. It was 
found to give exactly the same reactions and have about the same 
mlubility as the salt prepared electrolytically, so that the state- 
ments made by Werner and Feenstra are evidently in error. 

In order to make certain that the chloride had been correctly 
..fiaracterised, other salts were prepared and analysed; these con- 
noted of the nitrate (previously obtained by Werner and Feenstra), 
iithionate, benzylthiosulphate, and tetranitrodiamminecobaltate. 
In agreement with Werner and Feenstra, the thiocyanate and iodide 
could not be obtained. 

One great difficulty experienced in the preparation of these salts 
has heen to obtain thejii in the air-dry condition. When definitely 
crvotalline, they separate in shining spangles, which felt together 
when collected, and the nia,^s does not dry readily on a porous tile. 
The sinipier salts are, as it happens, readily soluble in alcohol, and 
if the collected crystal-, after being washed with water, are washed 
with a little alcohol and then with ether/ they no longer felt 
together. Even tlieii, however, duriitg the abnormally damp 
weather which has prevailed during the time this investigation ha- 
been in progress, it has been nn possible to l,>e quite certain that 
the salts were air-drv, so that estimations of Uie water of crystal- 
lisation were likely to give fictitious values. The nitrate was 
ahvav? found to contain more than tlic one molecule of water of 
cnsUlIisation given by Werner and Ft^iistra; this dilference may 
jjossihly )>e accounted) for by the dillereiux^ in the amount of 
moisture norm ally present ni tlu* air at llinningham and Zurich, 
since Price and Hra7.ier found similar discrepanci^? ni the water of 
mst alii '^at ion of oxalato<iiethyleiuHiiamiiiecobah bromide and 

chloride (T., 191b. 107, 137fi, 1797). 

In agreement with the fact that dichkuotetrapyridinei'oball 
chloride doi^a not form an additive compound with hydrogen 
chloride, additive compounds with organic dibasic aedds (oxalic, 
maloiiic, and thiwliacidic acids) were not obtained. 

bxcopt where olherwiw stated, this] melhml of washing was aiways 

M. 


K K* 2 
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Experimental. 


Mectrolytic Frepai'afion of Chloride, 

[CIoCoPyJCl^GH.O. 


The divided cell used consisted of a central anode compartment 
made from a glass cylinder with parchment paper tied over the 
lower end. This stood on a glass triangle in a beaker containing 
the catholyte and a platinum foil cathode. A rotating platinum 
electrode, similar to that described in Perkins “Practical Methods 
of Electrochemistry/' p. 19S, was used as anotle. The catholyte 
was a 5 per cent, solution of scKiiiim chloride, to which sufficient 
hydrochloric acid was added from time to time during the electro- 
lysis to keep it acid. The anolyte was prepared as follows: 
20 grams of cobalt chlonde hexahydrate and 5 grams of sodium 
chloride were dissolved in 60 c.c. of hot water; after coolings the 
solution was placed in the anode compartment, and the anode 
started rotating. Thirty grams (31 'o c.c.) of j)yridine were then 
added, and the current immediately switched on, the current 
density being 2 amperes per sq. dm. and current strength 1 ampere. 
Owing to the formation of com]>lex ions, there was very little 
migration of cobalt ions to the catholyte, the sim})ler ions carry- 
ing most of the current. As electrolysis proceeded, the anolyte 
became darker and darker in colour, finally being very dark brown 
and a sludge of green crystals formed. Xo cooling was necessarv 
The current was passed lor the time theoretically necessary^ to <uv( 
one atom of chlorine for each atom of cobalt taken (1 ampere" for 
3 i hours;, and then the contents of tjie anoile compartment were 
poured into a beaker and allowed to remain overnight.. The 
collected and washed crystals were dri(xl on a porous tile. The 
yields obtained in three different experiments were l-To, 13' 8, ami 
14'8 grams res])ectivoly, the product being cotnpletely soluble in 
water. 


When prepared according to Werner and Feenstra's methoJ 
(/or. cif.), the same quantities of cobalt cldoride and j)yridinc were 
taken, hut only 30 c.o. of water. Thc.se authors state^hat a dceji 
Wne iohilion results «-hea tliu [.vridiiie is added to the col'alt 
cioru e solution, but this is nut the author’s experience^ a jn'jjk 
preciiutate always forming. Tho yield of crude chloride oWaiiit.l 
wag 0 grams (Werner and heenstra give iO grains); the salt was 
contaminated with a small iniaritity' of a pale green, insoluble 
compound, and was thus far from jmre. 

I'”* preparation may be gaiigerl from 

the fact that, without recrystallisation, it gave Co 10-06, whereas 
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C2oH2oN4ClgCo,6H20 requires Co= 10*00 per cent. One recrystal- 
lisation from water at 60 — 60*^, containing a little hydrochloric 
acid, gave the analytically pure substance. 

The nitrate, [Cl 2 CoPy 4 ]N 03 ,ii:H 20 , was readily obtained accord- 
ing to Werner and Peenstra's method, the crystals being plates 
rather than needles. It seemed impossible to obtain the salt in 
an air-dry condition; when dehydrated over phosphoric oxide in a 
vacuum desiccator,* one sample which, after recrystal lisati on, had 
been dried in the air for ten days, gave 14*02, whilst a 

second sample, after being dried for two days only, gave 
n.,0=^ 13*15 per cent. For four molecules of water of crystallisa- 
tion the loss should be 12-42, and for five molecules 15-06, per cent. 
The se<X)nd sample gave Co- 9-95, whereas C^oHo^OvN 'C).2Co,4H20 
requires Co = 10*16 per cent. The dehydrated first sample gave 
Co=U*71, CU14*03, Cyr^AN-ClX’o requiring Co = ll*61, 

Cl - 13-95 per cent. 

Dichhrotei rapi/ridin ecohtd ( di th iomite, [Cl>CoPy4]2S20g,^H20, 
was precipitated almost quantitatively as a green, microcrystalline 
powder w'hen a solution of 2 grams of sodium dithionate in 20 c.c. 
of water was added to a solution (at 50") of 1 gram of the dichloro- 
chloride in 50 c,c. of water containing a little hydrochloric add. 
After drying in the air for three days, the salt lost 17*00 per cent, 
of water in a desiccator over phosphoric oxide, whereas after air- 
Jrving for thirty days it lost 14-57 per cent. 

requires 11, >0 = 17-04 for .r- 12. and ll.,0 = 14'62 per cent, for 
,r = 10. The dehydrated salt gave (Found: Co = 1108; CI = 13-27. 
t'j,n^„ 0 ,.XXl 4 S_.(’o, re<|uires Co 11-21; CT -13-48 per cent.). 

The dmdjle salt of (UchlorotetrapyridiMecoV)alt chloride with 
mercuric chloride. 2|Cl,CoVv,|Cb3llgCl ,, was obtaine<l as an in- 
soluble, pale green, ( ?) rnii‘ro<'rystalline prenjutate when 50 c.c. of 
a 2 per cent, solution of the dichloro chloride were mixed with 
3i)cc. of a 2 per cent, solution of niercurir chloride, both solutions 
being at 50^. After cooling, the ju-ccipitate was collected, w-ell 
wadied with water, and dried in tlie air for three days (Found: 
Co^6'64; lTg = 33*47. ^ V^hudlHi^Cl. requires Co -6' 63; 
111' -33*76 per cent.). 

lo prepare du'filorutffnijr;n<fin<ridni!f t ft nnut mitu- 

‘•'Mfdte, (ClX’oPy^ ;|(XOd)^t'o( N !l;dd. ? Ha). 1 gram of the 
tlirhloro'chloride dissolved in 7 p c.c, of water wa.s mixed wfith 
1 t:rani of potassium tetraiiitrmliaiunumx'obaltato dissolved in 

* Xo los!j of pyridine (KM'urn'rl, When 'iiieh !uss did lake place it wiw 
iiTimediately detected by the oiteur. Tlieye sails <,'(njid n('t bo dehydrated 
by heating, as pyridine was then drix-en ofT. 
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50 cc of water, both solutions being at 60“ The desired salt 
immediately separated (practically quantitatively) as a micro- 
crystalline. pale yellowish-green precipitate. After being dried in 
the air for three days, it lost 3-19 per cent, of water in a desic- 
cator over phosphoric oxide, whereas after air-dryiiig for thirty 
days it lost 2'83 per cent. CooH2iiOjNioChCo.,,a'H.20 requires 2 43 
ner cent for .t = l and 4'74 per cent, for .r = 2. (Anhydrous sub- 
stance: Found: Co=16-40; Cl = 9-68; N = 1916. 

C.jyHogOgN loCUCo.i 

requires Co=16’31; Cl=9-80; N^19-37 per cent) 

Bkhlorotetrapyridinccohah zylfhiosiilphate, 

[CLCoPy^SA’CrHr’ 

is readily obtained in quantitative yield by mixing solutions of the 
dichloro'rhloride (I'S grams in 70 c.c, of water at 50°) and sodium 
benzylthiosulphate (I S grams in 30 c.c, of water). It is practic- 
ally insoluble in water, and separate^? as a pale green, microcrystal- 
liiie precipitate (Found; Co- 9*14; N^8-4o. Cb-HoyOgN^CUSA 
requires Co = 9* 08; N — 8*63 per cent.). 

The dichlorotetrapyridinecobalt salts of dibasic organic acids 
seem to be much more readily soluble in water than the chloride, 
with the result that the latter iis\ially crystallises from solution 
when an attempt is made to prepare the organic salt. For example, 
l o ?rams of the dichloro-chloride were readily soluble in 10 c.c, 
of water at 50° in the presence of 1*5 grams nf thiodiaoetic acid; 
on coolint;, however, practically pure hydrated dichloro-chloride 
separated (Found: Co = 9'96; Cl 17'84. Calc.: Co— 10 00; 
CT“ 18*04 per cent,). After dehydration over phosphoric oxide it 
2 ave Co ^12*32, the theoretical percentage l>ei ug 12*24. On the 
addition of solid sodium carbonate to the filtrate, a small quanlilv 
of a green precipitate w’as further obtained, which possibly con 
sisted of the thiodi acetate, but when jdaced on a [)orons tile it lost 
pyrdine and turneitl blue. Similarly, the hydrate^l dichloro- 
chloride separated when rnalonic acid was used, although in not 
quite as pure a condition as with thiodiaoetic acid. 

Attempts to prepare the oxalate did not give a pure protluct. 
although from different preparations salts giving the same analytical 
results were obtained. Thu?, in one ]ire])aration, 1'5 grams of the 
dichloro chloride and 2 grams of oxalic acitl were dis-solved in 
60 c.c. of water at 50°. and the solution wa.s cooled. Pale green 


crystals (microscopic plates) separated, svhich lost pyridine in a 
desiccator over phosphoric oxide, the residue turning blue (Found 
in air-dried sample: Co-9*05, 972; Cb 13il [)er cent.). In 
another preparation, the dichloro-chloride (1'5 grajiis) was dissolved 
in 40 c.c. of water at 50°, and then mixed with the oxalic acid 
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(2 grams) dissolved in 10 c.c. of water at 50®. The resulting salt 
gave Co=9-62; Cl = 1302 per cent. These analyses give the 
atomic proportion of cobalt to chlorine as 4:9, which is satisfied 
by the formula 3{[C]2CoPy4lC204H,4H2D},[ci2CoPy4]Cl,6H20, 
requiring Co = 9'78; Cl = 13*23 per cent. The salt could not be 
recrystallised without decomposition. Trituration with a saturated 
solution of oxalic acid did not lead to the isolation of a pure pro- 
duet. Other methods of preparation were not investigated, since 
there was no object in pursuing the matter further. 

Chemic.\l Depabtmknt, 

Mi-vicii'-iL Technical School, 

Birmingham. [Rcceivfd, May 2 Hth , lfi20.] 


XCVir. — Arsmic Acids Derived from Guaiacol and 
Verairole, Constitution of the Poly arsenides. 

By RontitT George Fargher. 

Tue literature of tlie organic comj)oiinds of arsenic contains no 
account of the arsinic acids derives! from guaiacol and veratrole. 
though the conversion of yehydroxyphenylarsinic acid into a 
(lilivclro.w ac'id, presumably 3 :4-dihydro.vYphenvlarsinic acid, by 
moans of potassium persulphate has Ijceii claimed (D.R.-P. 
l!7lS92). Trial of this reaction showed that the yield was poor and 
the prcxivict a mixture of 3 : 4-dihydroxyphenylarsinic acid with 
the unehange<l acid, These were separal^le with difilculty, and 
their identity was mo>;t readily established bv complete methvlatioii 
and fractional crystallisation of the product. 

3' A mino-4 -hydroxy phenyl arsinic acid and 
phtiiyhiridutr (Vy! presenter! an alternative source, but the 
energetic treatment r(V|uire<t to elTr<'t the de^'omposition of their 
(liazo compounds {ooitijmP' n.R. lV 95339: Sac. {'hfvi. hul., 

\m, 17. 314 ; P,. 100,5. 21. ‘jifi; French Pats,. 167211. 2285391 
resulted in the ^almost entire dc^trttction of the arsenical com- 
plex. The Bucherer reaction ((.Tunj aie Htr., 1917. 50 , ltd, where 
earlier referencea are given) also prov(Ni to be inapjdicable. 

The reaction devisee! by Bart (I). H P. 250264. 254092. 254345} 
therefore presentetl the most satisfactory method of obtaining the 
'■»|uire<l substances, The jToparation of the necessary* amines was 
tanliUted by the appearance nf a communication by Cardwel] and 
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Robinson (T., 1915, 107, 257) dealing with 4- and 5-nitroguaiacol 
and 4 -nitroveratrole. 

These were reduced to the corresponding amin® which were 
diazotised and combined with sodium arsenite m alkaline solution, 
«vinff rise to Z-hvdron-i-mHhoxyplunylanvmc aad, i-kydroxy-i- 
letLyphenylar^Mo acid, and ^-A-dirncthoxyphcnylar^mc add 

"Tn ttri' acids were readily converted into the corresponding 

nitroacids. and the reduction of these was investigated 

On complete reduction with sodium hyposulphite, only 5-urir<^4- 

hydroxy- 3 -methoxyphenylam-nk acid was ^ undergo the 

normal reduction to the arsenohenzene. 5-Ndro-3.hydro.ry4- 
methotyphmyhirsink acid yielded a product containing twice as 
much arsenic as required by the arsenohenzene formula, whilst 
^-nitroS 'A-dimcthox^pheni/larsinic acid did not give an insoluble 
reduction product, probably on account of the formation of a 
sulphamic acid (compare this vol., p. 372). It was therefore fii^t 
reduced to the corresponding aminoicid. Further reduction also 
proceeded abnormally, sodium hyposulphite yielding a yellow, 
insoluble product containing arsenic in the proportion of three 
atoms to two benzene nuclei, and hy])ophosphorous acid a black, 
insoluble powder containing 93 per cent, of arsenic and probably 
consisting mainly of the free metalloid. 

Bertheim has shown {Chem. /.a-t., 1914, 38 , 756; compare 
BB.-P. 251104, 254226) that the reduction of molecular propor- 
tions of two arsinic acids leads solely to the unsymmetrical arseuo- 
benzene.* More recently, Karrer (Her., 1916, 49 , 1648) has ques- 
tioned the accepted mechanism of the reaction, and suggested that 
the symmetrical arsenobenzenes are first formed and then undergo 
“double decomposition.’’ The latter suggestion amplifies rather 
than corrects the former, and indicates why, in spite of three 
possible, and indeed probable, primary reactions, the product 
consists solely of the unsymmetrical substance. 

The generalisation was later extended (D.R.-P. 270354) to mix- 
tures of an aromatic arsinic acid and an inorganic compound of 
arsenic, such as sodium arsenite, the products resembling those 
already referred to. The absence of full analytical data.- — included 
in the cases under discussion — has, however, left their composition 
in doubt, although Morgan (“ Organic Compounds of Arsenic and 


* At the author’s request, Mr. W. Jl. (I ray has confinnwl 
statement by reducing molecular proportions of I : Sdx'nzotliazolc-o arsinic 
acid (T,, 1919, 115, 1372) and 3-amino-4 hydroxy phony larsinic acid, the 
properties and composition of the product confirming the unsynunetnc 
formulation. 
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Antimony/^ p. 270) has suggested that they are possibly compounds 
of tervalenfc arsenic corresponding with the general types 


B'AsIAs 


I 

R'As^As 


and 


/As 

R’As< I , 


Of the polyarsenides described in the present communication, 
one— that obtained by the reduction of 5-nitro*4-hydroxy-3- 
methoxyphenylarsinio acid— supports the general formula R^As^, 
whilst another — that from 5-amino-3;4-dimethoxyphenylarsinic 
acid— agrees with a second type, R^Asg or R 4 AS 6 . Of those 
prepared by Farbwerke vorm. Meister, Lucius & Briining, one falls 
iato each category. 

The assumption of simultaneous reduction would require fission 
tf the arsinic acid to precsede reduction. The visual evidence 
uggests that, in the present instance, the reverse is the case, 
■a the alternative mechanism has been assumed. It is sup* 
sorted by the observation that if a suspension of SiS'-diamino* 
i; 4 ^'dihydroxyarsenobenzenc in the hyposulphite reduction mixture 
ii treated with two molecular proportions of sodium arsenite and 
a further quantity of hyposulphite, the transition of the colour 
through reddish-brown finally to dull brown gradually takes place. 

The reaction between two symmetrical arsenobenzenea to produce 
jthe 11 iisym metrical product may l)e represented as follows; 

K‘A.s' ‘As’R' R'As‘As-R' R*AsiAs*R’ 

R*As* *As*R' H'As'As'U' ^ R'AslAa'R' 


Its e.xtension to the polyarsenioal compounds permits of the 
ionnulation of the types R.As^ and R^As,. by the following stages ; 


K-As- -As 

R-As-As 

R-As-As- 

•As'U 

-t 1 

1 1 

— ^ 1 1 

■f 1 — y 

R‘As* *A$ 

R'As'As 

U-As-As* 

•As'R 


1 

n-A.s‘As*AvH 

R-As! As'As'R 


i 

R-AslAs 

1 

R-AsiAs 

1 t i 

or 1 


R* A s* As" As' R 

R'AslAs-As'R 


alternatively, 


llie examination of the polyarsenides however, so far been 
) cursory to allow of any final statement as to their (’onstitution. 
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and ifc should be emphasised that the homogeneity of the products, 
assumed on purely chemical grounds, would be difficult to determine 
satisfactorily in compounds relatively so unstable and insoluble. 

Experimental. 
ethoxy phtnylamnic Ackh 

This was prepared by the luethylation of p- hydroxy phenyl arsinic 
acid (Btr,, 1914, 47 , 276). The melting point has been variously 
D-iven by Miehaelis (5pr,, 1887, 20 , 2051 ; AnnaUri, 1902, 320 , 
299) as 159—160^ and 203°, and by Bertheim as 179—180^. The 
acid crystallised from water in long, prismatic needles, which melted 
at 182° (corr.), and formed the anhydride at a temperature of 
130°, the loss indicating the presence of a quarter of a molecule 
of water of crystallisation, only removed at the temperature of 
anhydride- formation (Found: loss at 130° -- 9'6, 9-5, 
C,H 90 iAs,iHoO. for loss of UH.O, rerjuires O’o |>er cent. In 
product: C^"39'4; H- SA. Cdl^O^As requires C=-39’3; 11:^33 
per cent.). 

As it was thought that this might account for the differences ij) 
melting point recorded above, the acid was boiled for an hour will) 
acetic acid containing a little acetic anhydride, aiifl then set aside, 
when fan-shaped clusters of needles separated. The melting point, 
however, remained unaltered, although conversion into the ^ 
anhydride showed the product to be anhydrous (Loss at 130° -S'] 
C-H() 04 As requires for loss of HfjO 7 8 per cent,). 


^'Mt) <iA-n\eih<) > yiihenijkty'-iiuc . 1 euL 

To 4' 6 grams of /Mnetho.vypheiiylarsinic acid dissolved in 15 e.r 
of sulphuric acid and cooled to - - 10°, a mixture of 1’4 c.c. of nitrii 
acid (D 1'4) and 1'4 c.c. of sul])hnric acid was added, the temper.i 
tur© being kept at about -8°. The mixture, after remaiiiiii^ 
for twenty-four hours in a cool place, wa.s pouretl on 100 grani,s 3? 
powdered ice, when an almoi colourless, lloa-nlent precipitarf* 
deposited, the yiehl amounting to 95 per cent, of the theoretical. 

it roA‘)netho r>/ phe n <uii{ i'^ s])ariugly soluble in coil 
water, but readily so in hot, from which it jwqtaratcf} i)i miiinte 
needles, which begin to decompose above 200° (Found: C''-3dii: 
H = 3T; N = 5'0i OMe-KbO. CMLO.XAs requires r-30'3: 
H=^2‘9; K-5‘05; OMe-11’2 per wiit.t, The acid wa.s identksi 
with that obtainetl by the methylalion of 3- nit ro-4- hydroxy phenyl 
arsinic acid. The product from this reaction, how’cver, cttnlainei 
much unchanged starting material. Se['aration waa effected ^ 
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{ra/otional crystallisation, the methylated acid being slightly the less 
soluble in water. 

Xhe 'Tfionosodium salt crystallises in pale yellow needles contain- 
ing SHjO (found: loss at 110®=10'4, C 7 H 70 eNAsNa, 2 H 20 
requires HgO^lO'?. In dried substance: Na=80. CyH^OgNAsNa 
requires Na = 7-7 per cent.). 

3 -.4 min(>-i-methoxy'phenylarsinic A cid, 

Five grams of 3'nitro-4-methoxyphenylarsinic acid were reduced 
in boiling methyl alcohol by 120 grams of 5 per cent, sodium 
amalgam. The solvent was removed by distillation, the residue 
[issolved in water, the solution decanted from mercury, and 
neutralised with hydrochloric acid. After concentration, the 
^raino-acid gradually separated, and was purified by crystallisation 
from water, forming clusters of colourless needles, which melted 
aud decomposed at 193° (corr.) (Found; N = 5-6; OMe=12-7. 
requires N-o T; OMe^l2'6 per cent.). 

Many attempts were made to displace the amino-group by 
hydroxyl without success. When the diazotised solution was 
heate<I, no evolution of nitrogen took place, whilst experiments in 
which the temperature of the reaction raised by the use of 

10 per cent, sulphuric acid, a mixture of sodium sulphate and 
ulphuric acid, or a .‘^aturat-txl solution of co[/|>er sulphate, led to 
,lmost complete decomposition. Similar results were obtained with 
S.amlno-4-hydroxypheiivlarsini(‘ acid. Experiments in which the 
icids were treated wdth stKlium hvdro-^en sulphire were equally 
unsuccessful, and led to fission of the arsinic acid, the only isolable 
product being a small prof^ortion of the nnohangM acid. 

4-, I rntiton 

The reduction of 4 nitroveralnde by tin .ind liydrwhloric acid 
has already been desorilK‘d {Hidl. Sur. rJtjuf.. 18%, [iiih 15 . 646; 

I '., 1918, 113 . 28). The followim: Tnethn<l is, however, more satis- 
actory. 

' To a solution of 125 grams of crystalline stKlinm sulphide 
:i a little water. 50 grams of 1 -nit roverat role (T,. 1915, 107 . 
’51) were added, and the mixture was i^ontly boi]e<l for four 
lours, then cooled, and extracted I with chloroform. The crude 
^minoveratrole was reinovetl from the *'h loro form by dilute hyilro- 
ploric acid, and the combined extracts were ba.«itle<l, when most 
|f the amine separated in a solid state and wa.': colWte<i, any bAse 
pinainiiig in the filtrate In'ing extracted bv ether. The tot a) 
|id'l amoiintrvl to 42 grains. 
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The acetyl derivative is very sparingly soluble in ether or light 
petroleum, more so in benzene, acetone, acetate and 

Ldilv so in alcohol or hot water, from which it separate m 
glistening plate, which melt at 136° (corr.) (compare Ber., 1896, 
29 , 2690). 


3 : 4 - Dimeth oxf/ph enylarsi tiic A dd. 

A solution of 15 grams of aminoveratrol© in 200 c.c. of 5 per 
cent, hydrochloric acid was diazotised with 7'1 grams of sodium 
nitrite, and added to 18 grams of arseiiious oxide dissolved m 
140 c.c. of 10 per cent, sodium hydroxide, nitrogen being immedi- 
ately evolved. After several hours, the mixture was rendered 
strongly alkaline and warmed on the water-bath for half an hour, 
treated with charcoal, and acidified, when ’the acid gradually 
separated. 

3:i-Dimethoxi/ph€nf/Jarsinic acid is very sparingly soluble in 
acetone, but readily so in alcohol or hot water, from which it 
separates in colourless, anhydrous, rhombic prisms. When placed 
in a bath at 170^, it melts at 192° (corr.), sintering from 187°. On 
slow heating, it sinters, but does not melt, between 180° and 190^. 
This behaviour is due to the readiness with which anhydride-form- 
ation takes place (Found: C^36'4; H-4‘2; As -28*6. CgHj^Or^As 
requires C = 36'6; H = 4'2; As— 28*6. Loss at 140° = 7'1, 
CgHijO^As requires for loss of IH 2 O, 6*9 per cent.). The 
ammoniacal solution yields a voluminous precipitate of minute 
needles on boiling with calcium chloride, and an amorphous pre- 
cipitate with magnesia mixture. With warm dilute hypophos 
phorous acid, a white, amorphous precipitate of 3 : 4 : 3^ : 4^-^efnt- 
methoxyarsenobenzene is obtained. When heated with hydro- 
bromic acid at 100°, or with hydrochloric acid of varying concen- 
trations at temperatures of 130° to 160° to efiect partial demethyl- 
ation, fission of the arsinic acid grouping takes place, only a small 
proportion of partly methylated acid being obtained. 


b-Xitro-Z 'A /li m e t h oxyph eny Jardn ic A cid . 

The preparation of this acid was carried out as described in the 
case of 3-nitro-4-methoxyphenylarsinic acid (p. 868), the yield 
amounting to 85 per cent, of the theoretical. It separates from 
boiling water in clusters of minute needles, which melt and decom- 
pose at 236° (corr.). Reduction with sodium hyposulphite leads 
to a reddish-brown solution, but no precipitate (Found: C = 3L1; 
H-3-3; N = 4'6; As-24*2. C^H^.O^NAs requires C-31*3; 
n =3*3j N = 4'6: As = 24*4 per cent.). 
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The mwmodwm salt crystallises In glistening, flattened prisms, 
^hich lose their lustre when dried in the air and contain 6H^0 
^Found : l<ffis at 110° = 24'7, CgHyOyNAsNajSHgO requires 
H20~24-7. In dried material, Na-6-9. CgHgO^NAsNa requires 
j^a,= 7 0 per cent.). 

The barmm hydrogen salt crystallises as a matted mass of faintly 
yellow needles, which contain 3H^O (Found; loss at 110° = 6'7. 
(C 8 H 907 NAs) 2 Ba, 3 H 20 requires iLo-G'/. In dried material, 
Ba-18‘2. (C 8 H 907 NAs) 2 Ba requires Ba-18'3 per cent.). 

Although the acid is more stable towards mineral adds than 
3 : 4 -dLm 6 thoxypheny]arsinic acid, its hydrolysis does not afford a 
suitable means of preparing the corresponding partly methylated 
and dem ethylated acids. At 160'^ with concentrated hydrochloric 
acid, it is largely decomposed, but at 130^ slow hydrolysis of the 
methoxyl groups takes place, and crystallisation of the product 
yields from the more soluble fractions a proportion of a partly 
methylated acid, separating from water in slender prisms and melt- 
inff and decomposing at about 254° (corr.). It is apparently 
identical with o~niiro-'ithy<h'o.Ty-\-meiho:iypheii}iJarnnic acid 
(p. 874) (Found: C-28'9; H-3‘0; OMe-lFO. C^H^O^NAs 
requires C^28‘7; 11-2-75; OMe - lO’G per cent.). 

5-/1 wi two- 3:1- diin fJho.ryphenyl arnnic .1 r f d . 

The foregoing acid was re<luce<I by ferrous hydroxide in alkaline 
solution (compare 7. Avnr. (.'hem, Sor.^ 1918. 40 , 1581). the yield 
amounting to about 85 per cent, of the theoretical. 5-.1 ni/no-S : 4- 
(rmethoxyphenyhrslnic acid dis-olves sparingly in cold water or 
alcohol, but readily in dilute mineral acids or hot water, from 
which it separates in radiating clusters of needles melting and 
decomposing at 173° (corr.). The .‘ohition in dilute hydrocbioric 
acid gives a bright re^l coloration \cith a trace of potassium 
dichromate, and, after treatment with nitrous acid, a deep red 
coloration with ?0tlluTn-3 naphthoxide. The aqueous solution 
develops a reddish-brown colour with ferric chlori<le. The 
amiiioniacal solution gives no precipitate on warming with magnesia 
mixture or with barium chloride, luit with calcitim chloride a 
heavy, crystalline pre<’ipitato (Found: X 5 t) ; As - 27-3. 
h’sH i-P , N As r e<pn res N - 5 ‘ 05 ; As- 2 7 • tin per ce n t . ) . 


Itedwclion of h^AmhlQA^ \\-<hwefhoryphrnyh}r.dr,ic Acid. 

(fit) II t//t Stk/iuvt Jf yik)iiulph)ft\ The rwluction wjis carried out 
asdest'rihed in the case of 5 nit ro 4 -hydroxy- 3 methoxvjdu-nylarsiuio 
(p. 8<3). The pale yellow prciujutate deepen&il in colour as 
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the reaction proceeded. It was collected, washed very thoroughly 
with water and with alcohol, and dried in a vacuum, first at the 
ordinary temperature, and finally at 60^ for analysis. The ratio 
of arsenic to the other elements present indicated 3 atoms of 
arsenic to 2 benzene nuclei. It dissolves sparingly in the usual 
organic solvents, but readily in dilute acids (Found : C = 37‘3, 37*3; 
H=4'0, 3*9; N-5’2; As=41*4. CigH 2 tj 04 N 2 As 3 requires C = 36-3; 
H^3'8; N = 5*3; A3^42-5 per cent.). 

(6) With Hyiyophosphorous Acid .^ — Reduction with dilute hypo- 
phosphorous acid at 60^ yielded a black precipitate, which was 
isolated as in the previous instance (Found: As -93 0; C— 2-6, 
2-9; E = 0-54, 0*60). 

The composition of these products is discussed in the introduction. 

^-Hydrox y-3-m 1 1 h oxyph c n y« rv i n ir A rid. 

A suspension of 25 '2 grams of 4-nitroguaiacol in 90 c.c. of con- 
centrated hydrochloric acid was reduced by the gradual addition 
of 42 grams of tin. The resulting solution was freed from tin, 
diazotised with 12 grams of sodium nitrite, and added to an ice 
cold solution of 27 grams of arsenions acid in 210 c.c. of 10 per 
cent, sodium hydroxide, the solution being maintained distinctly 
alkaline. As soon as the evolution of nitrogen ceased, the product 
was heated for half an hour on the water-bath, acidified to methyl- 
orange by means of hydrochloric acid, treated with charcoal to 
remove coloured impurities, evaporated to dryness under diminished 
pressure, and extracted with alcohol. The extract, amounting to 
about 25 grams, was dissolved in boiling water, when, after separ- 
ation of a small quantity of a very sparingly soluble substance (.4). 
12 ‘5 grams of ^-hydroxy-^-methoxyphcnylarsinic acid were 
obtained. The acid is sparingly soluble in cold water or alcohol, 
but readily so in acetic acid or in hot water, from which it separates 
ill stout, glistening, rhombic prisms containing IH.,0. After dry- 
ing at 110°, it melts at 190° (corr.) (Found: loss at 110° ^^71. 
CTHgO^ASjH^O requires O'S. In dried material, C^34-2; H = 3-8; 
As-30‘3. C^HgO^As requires C-33-9; H-3*7; As = 30*2 per 
cent.). The ammoniacal solution gives no precipitate on boiling 
with barium chloride or magnesia mixture, but yields a crystalline 
precipitate of the calcium salt with calcium chloride. On warm- 
ing the acid with a dilute solution of hypophosphorous acid, a 
colourless precipitate of ^ ‘^^abhydroxy-Z ‘.d^-dimethoxuarscuo- 
benzene is obtained. 

The acetyl derivative crystallises from ethyl acetate containing 
a little alcohol in colourless, glistening plates, which melt at 186° 
(coir.J, sintenng from 182°. It is readily soluble in water or 
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ilcohol, but sparingly so in ether or ethyl acetate (Found: 
;j^37'5; H=4*i. C^H^jOgAs requires C = 37’25; H-3'8 per 

The sparingly soluble material (A ), which was isolated only in 
minute quantity, proved to be 4 :A'-dihydroxy~d'.Z'-diinethoxy~ 
4 ipk€nyl<irdnic acid. It separates! from much water in radiating 
clusters of minute prisms containing UHgO, and melted at 234^ 
(corr,), sintering from 227°. The ammoniacal solution of the acid 
(rave a precipitate on warming with barium chloride, but not with 
inaguesia mixture (Found: loss at 110^ = 6'7. Cj^Hj^^OgASjl^HgO 
requires 7-0. In dried material, C = 47-3; H = 4-4; As = 21*2. 
C'liHijOfiAs requires C-47'5; H = 4-3; As = 21 -2 per cent.). 

itroA-hydrai y-Z mctho ! i/phenylarnnic A dd. 

The nitration of t-hydroxy-S melhoxyphenylarsinic acid was 
carried out as already described (compare p, 868). Separation did 
not take place until the bulk of the mineral acid was neutralised 
bv the addition of anhydrous .sodium carbonate, when 3 ’2 grams of 
the nitro-acid were obtained, Ojj cry.'tallisation from boiling 
water, it formed glistening leaflets, which decomposed gradually 
above 260° without melting (Found; As"-2.r.5; N = 4'8. 
C-Hf^OjXAs rerpiires As' 2.rG; X TS ]>er c'ent.). 

On warming with a tlilute solution of hypophosphorous acid, a 
yellow, granular precipitate of 'idddynttroA-.X'-dihydmjy- 
'^'dmcthoriinrsenohm'ii tu was obtaine<l. 

-Dunnino-A : V-dthyihn i y 3 : ',V dfnn thu t ytirMt t\uh( u:f nr . 

To a solution of 3 d grams of the above acid in <hi o,c. of water 
;Ki 12 c.c. of ’J.V'Sodinm hvdro.\ide wa.s added a .solution of 
j frams of sojlitim hyposulphite and 10 grams of magneeium 
iiloride in 170 c.c. of water. The mixture was heated in an atmo- 
phere of earlion dioxide at Gu' fur one and a-balf hours, the 
rseiiohenzene then TO]lecic<l, wadu'd with water, dissolved in 
lethvl alcohol cojitaining hvdrogen t'hloiide. and the hydrochloride 
•recipitated bv the addition of dry ether. The product amounted 
0 2’1 grams of a faintly yellow powder, readily soluble in w’ater 
nid methyl alcohol, less so in ethvl alcohol, and insoluble in ether 
)r acetone. The aqueous solution reacts faintly acid to inelhyb 
^laiige. When dried to constant weight in a vacuum over .nilphuric 
it retains solvent e<pii valent to twi» molecules of water. It 
decomposes siiarjdy at 186' (corr.i. The addition of dilute 
!''tlplimic acid to the aipieous i^olittion doi’s not cause precipitation 
*^1 the sulphate, hut concent rale<l hydrochloric acid caiisee pre- 
cipitation of the hi/druddniidf (Found: As 27 9 ; K = A1; 
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Cl-12-7. requires A9 = 28-0; N = 5-2; 

Cl = 13‘2 per cent.). This substance was submitted to biological 
test by Dr. R. A. O’Brien, of the AVellcome Physiological Research 
Laboratories, the results indicating that it was only slightly more 
toxic than salvarsan. 


Z-Hydroxy-i-methoxyplienylarsinic Add. 

This acid was prepared from 5-nitroguaiacol in the same manner 
as 4-hydroxy-3-methoxypheiiylarsinic acid (p. 872) was obtained 
from 4-nitroguaiacol. From 21 grams of the iiitroguaiacol, 8 grams 
of the pure acid were obtained. Z JlydrojcyA-methoxy phenyl 
arsinic acid separates from water in short, stout, flattened prisms 
containing one molecule of the solvent, which is lost at 110®. It 
then melts at 189® (corr.). The pure acid dissolves sparingly in 
alcohol or the other usual organic solvents (Found : loss at 
110®= 7-3. C 7 n 905 As,H 20 requires 6*8. In dried material 

C=^34'2; H = 3-8; As = 301. C^HpO^As requires C^33 9; 
H = 3‘7; As = 30*2 per cent.). The ammoniacal solution gives no 
precipitate on boiling with barium chloride or magnesia mixture, 
but yields a precipitate with calcium chloride. On warming with 
a dilute solution of hypophosphorous acid, the acid yields a colour- 
less precipitate of Z:V-<Iihy(h'ovyA‘A’-dimetlioxyarsenohenzenr. 

The acetyl derivative crystallises from benzene containing a little 
alcohol in woolly needles, which decompose gradually above 200^ 
It is readily soluble in water, alcohol, or ethyl acetate, but very 
sparingly so in benzene or light petroleum (Found; C-37 5; 
H = 4*0. CgH^jO^jAs requires C = 37-25; H ---3-8 per cent.) 

b-Niiro-Z-hyd roxyA- m e t h ox y ph en y hr smic A cuL 

The preparation of this acid was carried out in a similar manner 
to that of o-nitrO'4-hydroxy-3-methoxyphenyIarsinic acid (p. 873); 
the yield amounted to 80 per cent, of the theoretical. The acid 
crystallises from water, in which it is somewhat sparingly soluble, 
in stellate clusters of prismatic needles, which melt at 27)2® (corr.), 
darkening gradually above 220® (Found: As = 2b‘6; M--50. 
Cj.HgOj.NAs requires As~25'6; N=T8 per cent.). On reduction 
with warm hypophosphorous acid, it yields a bright yellow pre*. 
cipitate of 5 : blduiitro-Z : ZldlhydroxyA : i^-dimethoxyarsef^d 
benzene. 


Z ? eduction of 5-3 27 ro~Z hyd roi >jA ■ ni eih ojy ph c nyJ<ir><in ic .•! cid. 

The reduction was carried out, using swlium hyposulpliite, a; 
already described. The pale yellow precipitate hrst former 
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rradually darkened to brick -red as the reaction proceeded. It was 
;olle<Jted, washed thoronghly with water, and dissolved in methyl 
dcohol containing hydrogen chloride, forming a blood-red solution, 
,v'hich deposited a reddish-brown precipitate of the hydrochlofride 
>n addition of ether. Analysis indicated that the product contained 
) atoms of arsenic to each benzene nucleus (Found: C=25’9; 
ff = 3-3; N = 4-l; Cl -10-5; As ^ 45-6. 
requires C=25‘9; H = 2'8; N = 4-3; Cl -10’ 9; As=46'2 per cent.). 

3^-AminO'i^-hydro,ei/-\ : Z-diazole-o : V-arsenohemene, 

m 

/y\cH 

OK<^ ^AsiAs',^^ ).N ’ 

A TuixtuTD of molecular proportions of 3-amin{>4-hydroxyphenyb 
arsinic acid and 1 : S-benzodiazole-S-arsinic acid was reduced with 
sodium hyposulphite in the manner previously described. The 
product was converted into the hydrochloride by solution in methyl 
alcohol containing hydrogen chloride, and precipitation by ether. 
The yield amounted to about 85 per cent, of the theoretical. 

The h >jd roc}ihnd f forms a pale yellow powder, readily soluble 
In water or methyl alcohol, less so in ethyl alcohol, and almost 
involiddo in ether or acetone. After drying for several hours in 
a vacuum over sulphuric arid, it retains solvent approximating to 
hnriecules of water of crystallisation, of which one is lost at 60° 
iD'l a second at 100^ in a vamniiu. On heating, it decomposes at 
(corr.) (Found: (d 32 1 ; 11 :3’8; N-S’S; A3-30'4; 
ym. (V,H,,OX.,As,, 21I(’1,31FO requires C-3M; H-3-8; 
tS'I; As 29‘9; ('1--14'1 per cent. fx)ss at 60^ in a vacuum^ 
i Loss of ilf.O re<)uires 3’G, Loss at 100° in a vacuum- 7 ’3. 
Moi 2ILO requires 7 2 per cent.). 

The dissolv'es readily and coin])lctely in 50<lium hydroxide 
)! ill methyl alcohol containing hydrogen chloride, thus differing 
kiiidlv from 5 ; o'-arspiio l : 3 : 1' . n' bt-nzo^liazo^e (T.. 1919, 115. 
Sih, which (li.s.solves but s[>ariMgly in the former and is quite 
Eiriible in the latter. 

h foitcli^ion, the author would fhajik >fr. F. P. Walton for 
in the analysis of a nurm u’ (c' the > i inj^ounds descrilK*d 
“ iV;(' investigation. 

l^buriiMK {T^K^flCA^ UFSK VlU'St 1. \ rifUnTnin Ps. 

Lonhon. K.i’. L j/i'M’MPVf/. May \m. \m\] 
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XCVIIL— 2 : S : e-Trmttrotohmie : a New Synthesis. 

By Oscar Lislk Brady and Arthur Taylor, 


2:3:6-Trinitkotoluf,ne was the last of the six isomeric tniiitro- 
toluenes to be obtained. Molinari and Gina {7A'.iUch. ges Schu-^n 
11. Sprengstaffu'.y 1914, 9 , 239), from the oily residues obtained in 
the purification of cominerciai triiiitrotohiene, isolateei a compound 
(m. p. T9o°), unaltered by further crystallisation from alcohol 
which gave analytical figures corresponding with trinitrotoluene. 

As this difTered from the five known isome rides, it was considered 
by them to be the 2 : 3 : G-conijJonnd. Kovner and Contardi, how- 
ever (riffi 7?, 1910. [v], 25, ii, 339), synthesise^} thi- 

compound from 2:4 lO-trinifrotoluenc by tlie following series o? 
transformations : 2:4: 6-trinit rotolnone — 2 : O ilinitro />-toluidin^ 
— > 3 bronio-2 : 6-dimtro-p-tohudine — > :Mm'oiiio-2 : G-diniim. 
toluene — > 2 : 6-dinit ro-zn -to! nidi iie — ^ 2 :3 : 0-tvinitrotolnene. 

The 2 :3 ; 6-irinitrotoliiene obtained in thi-- wav melted at li)- 
Moliuari and Gina’s coinj^ound |>robably consisted of a mi.\(ure ni 
2:3:4- and 3 ; 4 : 6-trinitrotoInenes. as in tlie srparation of the nux- 
hire of these compounds, okdained by the nitration of m-nitnv 
toluene, by crystallisation from alcohol, a sulistanco is obtained c! 
approximatery the. melting jmiut given by Molinari and Oitia 
which crystallises from alrohol unchanged, l-nt can be fu rtlier 
fractionated into its two com]'i>iients by alternate crystallisation 
from acetic acid and from alcohol. This substance, of constart 
melting point, seems to l>e a loo-e, molecular comjiouiid of the two 
isomeride-s. as there is evidence of ihe pxistmice of a coinpoimd of 
this melting point from the binarv fusion tliagrain of 2:3:4- 
3 ; 4 : 6-trinilrotoluenes (private com muni (‘at ion from Dr. W H 
Gibson). 

Kdrner and Coi^tanii state that, tliey have found wnditions o 
reduction under which 2 : 1 : 6-trinit rotolnene give.s a 60 per cen? 
yield of d:Miiiitro./,.to!ui(lino and promi:„.',i dos.-riplion in i 
subse.,iient paper. This ha^ not vet been pi,t,lidie,l ami as ib 
usual means of reduction jive poor yields, au alternative uu-tW 
has been devised for the preparation of d : 3 : G trinitrotoluene fr«! 
2:6'dimtrotoluene, 


The reactions involved are .-uinniarised on p. 877, 
The yields are satisfactorv at all staves of (he 
censperable quantity of d , 3 ; G trin, (rotolnene has 
by this raetnod. 


proces,-, ati'i s 
i-cen j'rcp.nw. 
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The mixture of the two dinitrotohudines obtained by the nitra- 
(Hi of (j-nitroaceto-o toluidide and snbse<iuent hydroly^^is has been 
‘parated, and the dinitrotoluidines have been oriente<i by elinnna- 
on of the amino-^roup and runversion into l!: 3- and l’ : j-dinitro- 
}Iueiies. This separation is not ii«-es.-arv for ihe synthesis of the 
;3 : G-triiiitrotoluene, as both (.'lUit pound' are converted into it in 
he subsequent operations. 


K X p e: JM M K r a l. 

'ledactim of '2:^-I)inifrofuIufve. the preparation of 

itroo-toluidine by the re<hiction of ‘J : O-diiiitrotoluene has been 
ntioned bv Cimerth [Annulfn, 1874, 172, 2'2'X), llernthsen (Ber., 
)2, 15, 3017). Noeltinj^ (Btr., 1904. 37. 1018), and Tatschaloff 
pr, Chem,, 1902, [iij, 66, 239). no experii^ental details are 
eii. The following nietliofl has heoii found to ^ive pood yields. 
50 grams of 2 ; O-dinilrotoluene iti c.c of boiling alcohol are 
le<i gradually 280 r.c, of aramoniuni sul[>}nde (In per c^iit.). the 
xtiire l)eing shaken tlioroughlv 1 n't ween each addition. When 
the ammoniuTi) sulphide has been addiM), the mixture is heated 
the water-bath for fifteen minutes and then cooled. The pre- 
Htate is collecteil, washes! with water, extracteil with hot dilute 
(Irochloric acid, and the solution filtered. The residue, consist - 
J of the sparingly solulde hvdrochlorido of the base and sulphur, 
repeatedly extracted with hot water <x)ntaining a small quantity 
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of hydrochloric add until the filtrate no longer gives a precipitat, 
on adding ammonia. The hydrochloric acid and aqueous extract 
are rendered alkaline with ammonia, cooled, and the 6-uitro-o 
toluidine collected and dried at 70°, The yield is 80 per cent, o] 
the theoretical, 

AceUjhiion of G-fihVro-o-to/tnWfijc.- Twenty-five grams of 6-nitro 
(^toluidine are added to 35 c.c. of acetic anhydride, followed hy one 
drop of concentrated sulphuric acid. Vigorous action takes place, 
and the acetyl compound separates at once. A further quantity 
can be obtained from the filtrate by pouring into water. It 
separates from alcohol in colourlc?s needles melting at 163^164® 
(LelLman and Wurthner, Ann<ihny 1885, 228 , 241, give 158°). 
The yield of recrystallised product- is 80 per cent, of the theoretical. 

y it mi ion- of %-Aiitrouceto-oAoJmdide and Ih/drolt/sis of the Pro- 
duct. — ^To 175 c.c. of mixed acid (in the proportion of 5 c.c. of 
nitric acid, D 1-5, fo 8 c.c. of concentrated sulphuric acid) cooled 
in ice, 25 grams of 6-nitroaceto-o-toluidide are added in small por- 
tions at a time, the temperature bring kept l>etween 4° and 7° ' 
The solid dissolves slowly, and when all has been added, th: 
temperature is allowed to rise to 12°. By this time, all the nitro 
acetotoluidide will have dissolved, and the product is slowly pouref 
into a litre of water with thorough stirring. A pure, white pro 
duet is precipitated in theoretical yield. This is collected, washed, 
dried, and 31 grams are dissolved in IfiO c.c. of concentrated 
sulphuric acid and wanned on the water-i'iath for two hours. The 
mixture is cooled and poured into cold water, when a mixture of 
5:6- and 3 : 6-dinitro-orioIuidines is ju'ccipitatod in theoretical yield 
as a bright orange-yellow, crystalline material melting at 138—200'. 

Separation of the Dinit ro-oAoluidinr:^ -By fractional crystal- 
lisation of the mixed dinitrotolnifiiiies, a compound (m. p. 216^1 
is obtained, which was proved to be 5 : G-dinitro-o- toluidine (see 
below). It is not possible to obtain the other isomeride pure ri 
this method, and repeated crystallisation of the rai\e<l acetyl deriv 
atives gives a compound melting at 180°, which, however, ci] 
hydrolysis yields 5 ; G-dinitro-o-toluidine. 

The more readily soluble amino coni[>ound may be obtained, how- 
ever, by dissolving the 7nixture of amintv in hot glacial acetic add 
amd cooling slowly. Two kindi^ of crystals separate, namely, liiw 
yellow needles and large orange prisms and, after filtering and 
washing with light petroleum, these can he readily separated by 
sieving. The orange crystals, when recrystalHsed from alcohol, 
yielded 3;G-dinitro-o-toliiidine (m. [>. 15 1 previously obtained 
by Korner and Contardi (lor. vif.) by the action of ammonia on 
2:3 :6-trinitrotoluene, but not fully de.-cribed. 



2 ; 3 : 6-TRmiTEOTOLUENE : a new synthesis. 879 


o:&-Difdtro-ortoluidine crystallises from alcohol in fine, deep 
yellow needles melting at 216'=' (Found: N = 2l-3, C^HjO^Ng 
j-equires N~21*3 per cent.). 

y.^-Dimtroaceto-iytoluidide crystallises from acetic acid in large 
l^bito crystals melting at 180° (Found: N-17-4. CgHgOgNj 
irequires N = 17’6 per cent.). 

3:6-Dinitro-o-toluidine crystallises from alcohol in brilliant 
[•auge prisms melting at 151° (Found; K=21'5. Calc.: N = 21-3 
«r cent.), 

'1]Q-Dimtroaceto^o4oluulule^ obtained from the above by treat- 
aent with acetic anhydride in the presence of a trace of conoen- 
rated sulphuric acid, crystallises from alcohol in very pale yellow, 
uicrosoopic prisms melting at 209° (Found; N~17'5. CgHgO^Ng 
equires N = 17’6 per cent.). 

Orientation of the Dinitroo-toJnidinte. — The position of the 
^nd nitro-group in these compounds has been determined by 
;onversion into the dinifcrotoluenes by elimination of the amino- 
jranp. 

Of ibe compound melting at 216°, 2 grams were dissolved in a 
cixture of 10 c.c, of fuming sulphuric acid (containing 20 per cjent, 
n' sulphur trioxide) and 40 c-c. of absolute alcohol (freshly distilled 
iver calcium oxide), and the mixture was heated on the steam - 
ath. Six grams of finely powdered, dried sodium nitrite were 
(ide<l in small portions with vigorous shaking. Most of the 
ieotioi was then distilled off, water added, and the mixture dis- 
filed in a current of steam. The diiiitrotoluene w^hich distilled 
collected, and, alter nxTv.daili'atioji froni dilute alcohol, proved 
ohe 2:3-dinitrotohiene from its melting point and mixed melting 
oir.t with another sample. The cum pound melting at 216° is 
huefore o ; fi-dinitro-o-toluidine. 

In a similar w*ay, 2 : 5>ditutrr)to]uene was obtaijied from the com- 
ouii'} melting at which is awor^lingly 3 : 6 dinitro-atohiidine. 

oj Sy'Cnnitroioluevf , - Vot the preparation of 

le trinitrotoluene, it is not. nect^sary to separate tho dinitro-o- 
jliif lines, a-i both these eoiupoumls, on dl.-idacement of the amino- 
IV the iiitro-group. yield the same derivative. 

Two methods of t'onver.don were investigated, namely, introduc- 
of the nitro-group through the dia7,onI\nu nitrate (compara 
'itt, //<T., 1909, 42. 2953) .and dinvt oxidation of the amino- 
with t*aro',« acid, followed by nitri(* acid. 

Oi these, the first, under varying conditions, was completely 
stimssful, but no difficult v was cxj'erieuccd with the second, 
a i^rdution of ('aro's acid, prcjuannl from 60 grams of fmelv 
ammonium pen-ulphate ami 14 c.c. of concentrated 
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sulphuric acid, the mixture beiug finally poured on 120 grams of 
embed ice, is added a solution of 12 grams of the di nitrotoluidines 
in 36 c c of concentrated sulphuric acid. A yellow solid separates 
at once, and the mixture is allowed to remain, with frequent 
shaking,' for some days- At the end of that time the mixture of 
dinitronitrosotoluenes is collected and dropped in small quantities 
at a time into 100 c.c. of nitric acid (D 1-5) heated on the water- 
hath. When nitrous gases are no longer evolved and the liquic 
assumes a pale colour, it is diluted somewhat and cooled, when t]i< 
2 : 3 : 64rinitrotoluene separates in colourless needles. The com 
pound, after being collected and washed with water, is almost pure 
hut may be recrystalliscd from alcohol. 

The yield of 2:3; Gdrinitrotolueiie prepared in this way is hom 
50 to 60 per cent, of the 2 : 6-diuitrotoluene employed. 


In conclusion, the authors wish to express their thanks to the 
Director of Artillery for permission to publish these reeulta. 

Rkbearch Department, 

Royal Arsenal, Woolwicu. [/trrn'tvrf, June 22nd, 1$20.] 


XCIX— r/te Eject of Reducing Agent. ^ on Tetranitro- 
methane^ and a Rapid Method of Estiniaiion. 

By Aileen Bailed:, Alexander Killen Macbeth, and 
XoHAH Irene Maxwell. 

Previous work by one of ns (T,. 1915, 107, 87) indicated tbati 
tetranitromethane contained one labile uitrogrou]), and it apparel 
liki-ly that this would he removed in reduction, so that gnam'dire 
seemed the most probable jiroduct of extrenie reduction. Aril 
reduction experiments with tin and nickel -coated zinc carrie-I out 
by Rakshit (7. Amer. 19M, 36, 1221) resulted in the 

production of guanidine. A study of alkaline and electro 
chemical reduction methods has been undertaken l>y u.'», and in thi 
paper the effect of some alkaline reducing agents is recorded. It 
is hoped to comnuuiicaie later the results of eltctrochcinica] 
methods. 

The reductions now descrilred liave resulted in the removal ol 
the labile “nitroite " group, with the production of salts of 
form which may be conveniently and safely prepared by tii 
methods desenbed. The procedure consisted in agitating the 
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eojnpouiid with aqueous solutions of the reducing agents containing 
requisite amount of potassium hydroxide, which neutralises the 
litroform produced, precipitating it as the sparingly soluble 
)otassium salt. The solutions are thereby prevented from becom- 
iig acid, and secondary action with the reducing agent is avoided, 
mieous potaasium hydroxide itself attacks tetranitroraethane, with 
the formation of the potassium salt of nitroform, together with 
nitrate, nitrite, and carbonate of potassium, the quantities of which 
vai’V concent rati oJi, The decomposition in such ca.se, however, 
iimch slower than wlien a reducing agent is present, and in the 
ease the tetranitromethane is generally all converted into 
ijitiofoem without the loss entailed in the formation of potassium 

vurboiiate, 

Results have been obtained, amongst others, v.ith sodium sulphite, 
potassium sulphite, sodium potas.-ium tartrate, and hydrazine. In 
all cases, the nitroform salt has been identified by estimation of 
tlio |>erceniage of potassium contained in the salt recrystallised 
liyiii water; this wits deconqiO'ed by sulphuric acid and the 
poussium weighfxl as snl[jhate. 

Other reducing agents have al>o been tried with success; 
otassium j)hosj)hite and pcla.-r-ium sulpliide may In? mentioned a,s 
iPiaiices. In the case of the sul|(hide, much sulphur is precipi- 
ited, troin whicli the iiitruionn ^^alt is removable only with some 
ii'llcultv, Aqueous solutions of sulphur dio.xide do not attack 
;eU‘aiHlromet!iane even after long conlijun'd shaking. Ammonium 
-vi'ihi'ie readily decomposes it, but in this case the reduction seems 
to:vcarrie<l pa?l the nitroform >tage, ami tlie pio<lucts, as yet, 
liavc not b'cen identiiied. 

<<,■!, mn .<iil i>}uf('. ttn .shaking an aqueous solution of sodium 
with let ranitromet bane, tin* solution graduailv V*eoomes 
ib’ireu. and the wluur i>l tctrauitrcmelhane ullimatelv disapj>ears. 

fiuiU'S are evolvesl a,s the reaction proewis, and the S(dU' 
io!i Ircc'ines acid. If .'■t^ijum hydrovidt* j... added to the solutiofi 
I the begimmig of the leaclfoii, tin* dct'uinpo.ut ion is more satis- 
ai'iofy. aud if the >o[nUou dm-s mu bvoome aoid. there is no evolu- 
:io!i u! ’litrous funH*s. ilu* t('tim'ti<»n i- ^xnnplete. the 

50;iit;uii contains the s^kijuih salt lU lutrotorm. and re.sp(>nds to 
for nftritc*8 and >ulphate>t. Sudniiii hvdroxfde is us<\j up in 
*V' fimjiiyi . aji'i if sudicient i^ m>l pri -cut ilie .solution iwnnes 
'i'l. The rea<'lion proceed- acc<irdiug io the equation 

Xa.SO. . jNatUi t'Na . ■ NaNO . H ,0, 

hi iui actual e\]»crjim nt, SG grams (U MKinim sulphite were dis- 
ui 3oo e,c, of water. Mniium hydroxide solution Ixung 
jfujt'iii, Kigditeeu gtam- of tett atulr<unethane were a*iiiesi. and 
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... .« 

»mpl.l.ly d,»p]...rrf, ..d Ik. 

Of tetramtro ^roform salt separated out, but, on acidify- 

rSh sulphuric add and extracting with ether uitrofom was 

v! ! The yield may be ascertained by adding potassium 
iyTxide to an aliquot part of the ethereal solution to precipitate 
the characteristic potassium salt. The yield of pota^iuni salt from 

this is preferable to sodium 
sulphre, since the sparingly soluble potassium salt o .iitroform « 
rrlipiteted, and may be isolated by filtration. The solii ion is 
Lble^o become acid during the process, and small qu^titi^ c( 
potassium hydro.xide solution must be added at intervals^ A ter 
the experiment, the solution responds to tests for sulphate, and ,t 
IS therefore evident that the initial strength ci the sulpbte solution 
must be such that the less soluble sulphate will not finally be 
present in quantities sufficient to saturate the solution and 
crystallise out, contaminating the nitrofonn salt. 

Arseniou.^ Acid.— This proves a very good reducing agent, 
degrading tetrauitromethane to the nitrofonn salt in a short time. 
In a typical experiment, 25 grams of arsenious oxide were dis 
solved in 200 c.c. of water, a sufficient quantity of potassium hydr- 
oxide being added. On the addition of 10 grams of tetranitro- 
mefchane, the yellow nitroform salt separated out after a little 
vigorous shaking. After a short time, the tetranitromethane was 
completely decomposed, and 7 8 grams of dry nitroform salt w-ere 
collected. The crystals so obtained are dull yellow, but, after re- 
cry stallisati on from water, have the characteristic yellow appear- 
ance of the pure salt. The filtrate responds to the usual tests for 
nitrites and arseniates. 

Hydrazine . — Preliminary experiments indicated that tetranitro 
methane was rapidly acted on by hydrazine, nitrogen being evolved. 
In an experiment on a larger scale, 20 grams of hydrazine sulphate 
and iO grams of potassium hydroxide were adde<l to oOO c.c. of 
water. Thirty grams of tetranitromethane were then added in 
small quantities, the mixture being gently shaken in an unstoppercfl 
bottle. The potassium salt of nitroform rapidly separated, and 
the reduction was complete in a quarter of an hour. Twenty- five 
grams of the dry nitroform salt were collected from this experi- 
ment. The reaction proceeds according to the equation 
NH.'NHg -f 2C(KO.)^ -f 4KOH = 2(NO,>).jCK -j- 2KNO. + N. -f 4H.O. 

It appeared probable that a method for estimating tetraiiitro- 
methane could oe based on this reaction, and it is found that the 
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jiiethod gives results within the limit of experimental error, j^ialf 
a gram of tetranitromethane is a convenient amount to use, as it 
li{)erates some 30 c.c. of nitrc^en from hydrazine solutions. As 
the estimation is carried out in a Lunge nitrometer graduated to 
0 2 c.c,, the experimental error in reading the volume of gas evolved 
hi the reaction may well be this amount. From the quwititative 
relation given above, 0*2 c.c. of nitrogen corresponds approximately 
with O’ 0035 gram of tetranitromethane. Using half a gram of 
the nitrcNJompound, the error in reading the nitrometer should 
theoretically be within a margin of 1 per cent. The results 
obtained are well within this limit. 

Phenylhydraiine has l)een substituted for hydrazine in some 
observations, but the volume of nitrogen liberated was some three 
times greater than the calculated quantity. The reduction with 
this reagent is evidently carried past the nitroform stage, and in 
actual experiments, phenylhydrazine was found to liberate more 
than the additional two volumes when it acted on the potassium 
salt of nitroform. 

As hydrazine itself does not attack the nitroform .salt, the method 
can be applied to estimate tetranitromethane in solutions which 
also contain nitroform, and since the reaction takes place in the 
presence of excess of potassium hydroxide, it may be use<l for 
estimation of solution.'^ containing nitrous and nitric or other 
mineral acid in atldition to the nitro compound. 

In the estimation, a Lunge nitrometer is tilled with mercury, as 
ill the Crura method of estimating nitrates. A 10 j>er cent, solu- 
tion of tetranitromethane in alcohol is of a convenient strength for 
ibc. The nitro- compound was jmrifie<l by re])eate<l washings with 
vatcr and by subsequently freezing and melting several times. U 
was colourless and melte<l at about 13 ■I". The hydrazine solution 
is preparetl by adding ID grams of hydrazine sulphate and 20 grams 
of potassium hydroxide to al)out 80 c.c. of water, liltering, and 
diluting to 100 c.c. Five c.c. of the freshly prepared hydrazine 
solution ('ontain an excess of the reagent. s re^iiare<i by 5 c.c. of the 
tetranitromethane solution. One c.c. of the hydrazine solution is 
introduced into the nitrometer, and the last traces are washed in 
with small quantities of water. This ads as a cushion, which pre- 
veuU contact of the solution of the nitro- com pound with the 
mercury. Five c.c. of the tetranitromethane solution are now 
carefully introduce<i and w’ashetl in with alcohol. This solution 
floats on the top of the hydrazine solution previously introduced, 
and little reaction takes place. Four more c.c. of the hydrazine 
solution are now addwl. and, on falling through the ielranitro- 
methane solution, a reaction rapidly ensues. Nitrogen is quidcly 
VOL. oxm L L 



884 THE effect of RBDtJCINQ AGENTS, ETC. 

, , j ti,« Tintassium salt of iiitrofonn is precipitated. Od 

evolved, and t p t ,t ,, 

account of tlie „ure<l out of the side-limb of the 

imperative to a ; tjo^juction of the hydrazine solution. If 

this IS not , .jicitly and consequent pressure develops 

mercury is f '"X mate reactioris over in less than a 

almost mime i nitrogen are evolved on shaking once 

minute, but thoroimhlv. As the reaction is exothermic, 

iTtrLeter must be allowrf to remain for some time before a 

'’t"l5»idf be substituted for potassium hydroxide, 

bu^L latL is preferable, 'the following are typical resu ts, 
obLiiied at various times by different observers^ Five cm of a 
10 per cent, solution of tetranitromethane in alcohol were taken in 
tease and the weights of tetranitromethane in 100 c.c. of 

Sir;.:. I. .."i.. (1) (S' (’> 

*‘ilTlhS”ta. ikkl II” “'"'-I”" 

by hydrazine is quantitative, and the reaction altords an easy and 
rapid method for estimating the nitrocmmpo.md. C.onversely, 
standard solutions of tetranitvoiiietbaiie may he employed in the 
estimation of hydrazine in solutions of its salts. 


The Chemical Laboratories, 
Queen’s Umversitv, 
Belfast. 


[/;< tv May 21th, 1920.] 
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Tub Council has ordered the following letter and report to be 
printed in the Journal of the Society; 

WlilNFIELD, 

Salcombe, 

S. Devon, 

Jidy lOM, 1920. 

Gentlemen, 

I beg to submit the Report of the Inter national Committee 
gn Atomic Weights fpr 1920-1921, to which I have affixed, by his 
(ledre, the signature of Prof. Urbain. 

The Report deals with the atomic weights of fluorine, silicon, 
lead (isotopic), tellurium, scandium, and samarium; and draws 
attention to the critical work of Guye on the reduction of experi- 
mental data, and to the paper of Van Laar on the method of 
calculating atomic weights. 

(Vrtain of the newly published values are conlirinatory of those 
already in use; others are preliminary, and fuller details are 
iromised. The only change at pre.sent suggested is in the case of 
jcandium, namely, from 14T to Ib l, which appears to be fully 
jiistified by the experimental evidence. 

1 am, Gentlemen, 

Your obedient Servant, 

T. K. iHoarE. 

The llliff. Scf relancgf 
The f'/u fuird! 


Eeport of the International Committee on Atomic Weights for 
19204921 . 

Since the report of this committee for the preceding vear was 
iwpared, only a few new determin.itions of atomic weights have 
been pultlished. They may be summarised as follows: 

Moles and BatuecA.'= (./. (’him. I'hyf., 1919, 17 , o36) 
bare made twenty-three determiuathms of the density of methyl 
Suoride, For the weight of a normal litre of the gas, thev 

fiiul, in mean, l ol.'il'J grams. From this the molecular weight, 
is (leducal, and F* 1^^99t). This, rounded off to 19, is 
tbe valye already accepted. 


L L 2 



886 ANNUAL RUPOKT OB' THB INTERNATIONAL 

Silicon,— 'B&xier, Weatherill, and Holmes (/. Amer. Ckem. Soc., 
1920, 42; 1194), analyses of silicon tetrachloride, find 

Si = 28-lU. This determination, however, is not regarded by the 
authors as final. Its acceptance, therefore, must await confirm- 
ation, especially as the value is much lower than that given in the 
present table of atomic weights. 

Lead.—The atomic weight of isotopic lead from thorium minerals 
has been determined by Hbnigschmid (Zeiisc/i. Hlektrochem.f 1919, 
25 , 91). For lead from Norwegian thorite, he finds Pb~207'88 to 
207'92. For lead from Ceylonese thorianite, Pb = 206’88 to 207’24. 
In thorianite, there is evidently a mixture of isotopes, and perhaps 
also of normal lead. 

Richards and Sameshima (./. Amer. CheTH. Soc,^ 1920, 42 , 929) 
have examined lead from a radioactive Japanese mineral The 
values found for the atomic weight were 207' 11, 207-12, and 207- 15. 
For ordinary lead, the corresponding value was 207-184. The 
Japanese material, evidently, contained very little isotopic lead, 

fin , — In two papers, Brauner and Krepelka (ilid., 917, 928) 
give new determinations of the atomic weight of tin based upor 
analyses of the tetrabromide. In the first paper, which is pre 
liminary, they find Sn = U8-70. In the second, by Kre}>elka alone, 
the value Sn = 118*699. This confirms the earlier deteranuations 
by Briscoe and by Baxter and Starkweather. The work of the la.st- 
named chemists appears in full in the same number of the Journal. 
It was noticed in our last report from a preliminary })ublicatioii, 

Telhrimn. — From analyses of the hydride, Telio, Bruy Ian ts and 
Michielsen {Bull, Acad, roy, Bthj., 1919, Nos. 2 — 3, 119) find fur 
tellurium the values Te= 12T'73, I'dT'TO, and 127'4, The last value 
they reject. As these determinations are preliminary, they need 
no further consideration now. 

Scandium. — Meyer and Schwcig anorg. Chtm,^ 1919, 

108 , 303), after a study of methods for the purification of their 
material, give determinations of the atomic weight of scandium by 
the usual sulphate method. They found Sc ^45 '03 — 45 '37, ini 
mean 45' 23, but conclude that the method is untrustworthy. Hbnij 
Schmid {Zeitwh. Kkhirochem., 1919, 25 , 93), with soma of th 
same material, prepared scandium bromide and determined its rati 
to silver. In eighteen concordant analyses, he found Sc =43-091 
which may be rounded off to 451. This value is accepted by Meye 
and Schweig, and should be adopted. 

Samnnum. — The atomic weight of samarium has been determinei 
by Owens, Balke, and Kremers (./. Amrr. Vhtm, Soc,, 1920, 42 
515) by analyses of the anhydrous chloride. From the mean o 
eighteen concordant analyses, Sa— 150-43, in close agreement vitl 
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the determinations by Stewart and Janies, 150*44, whicti was noticed 
in our report of last year. 

Apart from the actual determination of atomic weights, three 
papers relative to the reduction of- the experimental data deserve 
attention. Guye (J. Chim, Vhji., 1919, 17, 171), in one paper, 
has discussed the application of Avogadro’s law to this problem. 
In a second paper 141), he has examined the data relative 

to bromine and silver, and concludes that Br= 79*92 and 
107*87. The last figure differs from the value 107*88, as given 
in the table, by only 0*01, which is quite within the limits of 
experimental uncertainty. The third paper, by Van Laar {ibid., 
0(56), relates to the method of calculating atomic weights. 

The only change in the table of atomic weights is in the case 
of scandium — from 44*1 to 45'1— which appears to be fully justified 
by the evidence. 

(Signed) F. W. Clarke. 

T. E. Thorpe. 

G. Uhbain. 
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International Atomic Weights. 





Atomic 


Symbol. 

Atomic 


Symbol. 

weight. 


weight. 


A1 

27 ■! 1 

Molybdenum 


96 0 


Sb 

120-2 

Keodyraium 

Nd 

144-3 


A 

39-9 1 

Keon 

Ne 

20-2 


As 

74-96 j 

Nickel 

Ni 

68-68 


Ba 

137-37 

Niton (radium emanation) Nt 

222-4 


Bi 

208-0 

Nitrogen 

N 

14-008 


B 

10-9 

Osmium * 


190-9 

Broraine 

Br 

79-92 

Oxygen 

0 

16-00 


Cd 

112-40 

Palladium.,... 

Pd 

106-7 


Cs 

132-81 

Phosphorus 

P 

SI ‘04 

Calcium 

Ca 

40-07 1 

Platinum 

Pt 

195-2 


C 

12-005 i 

Potassium 

K 

39*10 

Cerium 

Ce 

140-25 1 

Praseodymium 

Pr 

140-9 

Chlorine 

Cl 

35-46 1 

Radium 

Ra 

226-0 

Chromium 

Cr 

52-0 ; 

Rhodium 

Rh 

102-9 

Cobalt 

Co 

5S-97 I 

Rubidium 

Rb 

85-45 

Oohimbiina 

Cb 

93-1 1 

Ruthenium 

Ru 

101-7 

Copper 

Dysprosium 

Cii 

Dy 

63-57 , 
162-5 : 

j Samarium 

1 SL’andium 

Sa 

Sc 

150-4 

45-1 

Erbium 

Er 

167-7 1 

! Selenium 

Se 

79-2 

Europium 

Eu 

152-0 i 

1 Silicon 

Si 

28-3 

Fluorine 

F 

19-0 1 

! Silver 

Ag 

I07‘I8 

Gadolinium 

Gd 

157-3 ! 

1 Sodium 

Na 

23 '00 

Gallium 

Ga 

70-1 

1 Strontium 

Sr 

87-flJ 

Germanium 

Go 

72-5 1 

[ Sulphur 

S 

32-06 

Glucinum 

G1 

9-1 i 

1 Tantalum 

Ta 

181-5 

Gold 

Au 

197-2 ; 

Tollurium 

Ta 

127-5 

Helium 

He 

4-00 1 

Terbium — 

Tb 

159-2 

Holmium 

Ho 

163-5 i 

Thallium 

T1 

204-0 

Hydrogen 

H 

1-008 1 

! Thorium 

Th 

232 15 

Indium 

.. In 

114-8 j 

i Thulium 

Tm 

168-5 

Iodine 

I 

126-92 1 

Tin 


118-7 

Iridium 

Ir 

193-1 

Titanium 

Ti 

48-1 

Iron 

Fe 

55-84 

Tungsten 

W 

164-0 

Krypton 

Kr 

S2-92 ^ 

1 Uranium 

u 

238-2 

Lanthanum 

La 

139-0 ; 

i Vanadium 

V 

51-0 

Lead 

Pb 

207-20 1 

1 Xenon 

Xe 

180-2 

^thium 

Li 

6-94 1 

! Ytterbium {Neoytterbium)Yb 

1785 

Lutecium 

Lu 

175-0 j 

Yttrium 

Yt 

89-33 

Magnesium 

itg 

24*32 

Zinc 

Zn 

85-87 

Mangaiieae 

Mn 

54*93 i 

Zirconium 

Zr 

90-4 

Mercury 

Hg 

200-6 ' 
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0 , — Organic Derivatives of Tellurium. Pa/rt IL 
Constitution of the Dimethyltelluronium Dihaloids, 

By Richard Henry Vernon. 

Ijj Part (this vol., p. 86), the isomerism of the dimethyl- 
telluronium dihaloids of the type TeMe.X.j was established. 

It was likewise shown that there were two bases, the o and the 
and that the latter was obtained by evaporating (under specified 
conditions) an aqueous solution of the former to complete dryness. 

Direct analysea<>f pure samples of the /8-base have confirmed the 
supposition that it was dimethyltelluronium oxide, TeMe 20 . 

Analysis of the a-base is out of the question, since investigation 
las shown that it can only exist as such in the presence of an 
excess of water. If this excess is gradually removed by evaporation, 
there is a gradual transition from the o- to the jS-form, and it will 
be proved in the experimental part that complete conversion is 
accompanied by the loss of water; and that, furthermore, the 
relationship existing between the two bases is expressed by the 
equation : 

TeM&p + ILO = |TeMep],H,0. 

3'Base. a JJji.se. 

If the a-baae had the indicated constitution, it would give the 
^-(lihaloids on treatment with halogen acids and not the a. It 
must, therefore, l>e adiinethyltelhironium dihydroxide. TeMev(OH). 2 . 
That two bases, TeMed) and TeMe.(OH ).,, give totally different 
isomeric halogen derivatives can lie explained by assuming that the 
radicles in the two bases are differently arranged around the 
tdhirium atom, and since in the B-base two valencies of the 
tellurium are directly connecte<l with an oxygen atom, it is reason- 
able to suppose that the corresponding haloids have the halc^ens 
and hence the methyl groups) in proximity to each other. 

In short, the jS<li haloids have a constitution, and the above 
Hypothesis leads to a fm/rycon.stitntion for the a. 

The constitution of (he two hast^ is therefore 


0H>T<ie ' 

a lJaae. Ji 

ii’id that of the corresponding di haloids 


.Me..,., .-OH* 




* h b quite itninaterial whclhi'r lie* R W written a tUhydrt'iXide, 
or f he oxi<le, 'I'e Me,l>, pnnidtHl it.-* cojyst itntion is mdicfttedf 
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Some interesting observations were made during the investigation 
of methyl telluride, which was prepared for the first time in a 

the methyl groups in methyl telluride must be the 
sa2 a^ their position in the a-dihaloids because methyl telluride 
dTeltW unites with the ballpens according to the equation 

TeMeo + Xj = TeMe>X2, 

giving the corresponding ordihaloids but never the P. 

^ Ailording to the extent of oxidation of methyl 
hydr^en peroxide, either the a- or the^b^e can be <>btemed. 
^Th? a-base can be directly oxidised to dmethyltellurone, 
TeMe,0,, through the intermeiliary of the and another 

intimate relationship existing between these substances can be 

expressed by tbs scheme . 


+■ 


OH‘ 


TeMeo 


Me^rp /OH'i 


Me^ 


=0 


a-dihaloids. 


^-dihaloids. 


As is to be expected, the tellurone also gives A^iibaloids with 

halogen acids. v -n • 

Since methyl telluride can be obtained by the dry distillation of 
either the a-* or jS-base, by reduction of an a-dihaloid, or troin a 
j8-dihaloid by conversion into the base and subsequent dry distillation 
of the latter, there exists a regular reversible cycle between the 
two bases and methyl telluride. 


Me' 

UH- 


>Te< 


OH 

Me 


TeMe, 


Me' 


;>Te<; 


oil 


The direct transition from the jS- to the o-base is, however, not 


^Dry distillation of either an a~ or a j8-dihaloid always gives 
tellurium and the corresponding methyl haloid, according to the 
equation : 

TeMeoXo^Te t 2MeX, 

* it flhmild be noted that the a-baso consists of the ^'base plus wateft 
TeMej(OH)a = TeMcjO + HjO j hence if the 3- base gives methyl tellunde 
on dry distillation, so does the o. 
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.he .uivLee ^ 

izz izztzs;^: ” 

from that of the other ^ ^ d«>on,po«ition 

■lerhrfaJitraraS^^^ 

Thus the «-di-iodide and 21 hydroxides or carbonates, 

uiethylditelluroniuni oxide, Te,MeXo.^^ <ii-iodot«trar 


Me* 


><L + M><! 


-Me 


+ KjCO, 

M. 




ImXw'urei X* ' witi*”' gi.. 

JXiTSXrrr:- “ ^ --- -™ ». 

.h.Mih.w;“L "• :rrh‘ ", 

.. .0 ™i„, wXrix ;“Sv"XX 

:rxrN“ix,x‘:xf' -' “• ~X: 

.JX:.£fhrl‘“"tr“X -f " '“f ‘- 

than the dihaloid.s. " prepare other derivatives 

without thT'lligLit dmZhr -t'’a7exlple'2““t^' 
prepared by the interaction of tl,« j- ■ * , ?’*’ a-benioate 

;. .lr«H, b.„ ,.,.,1" °' 'trf' 1'2”.“'‘ *•"“'• 

the corresponding j8-beiiaoate result ,) ’ " “ttempts to prepare 

Weteraiile composer ®f 

Phe general behaviour of the flJi'n.i -j ■ i, 

'“-poeition of the methvl ar ^-d‘haIoids indicates that the 

to. since these p'lfixl* ^ *’® 

“to as dihaloids or " haloids for short 

L L* 
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Experimental. 


Methyl TeUurule, 

The first mention in the literature of methyl telluride, TeMe., 
is by Wohler and Dean {AnnaJen, 1855, 93 , 233), who obtained 
a dark brown oil by the action of barium methyl sulphato on 
potassium telluride. 

This oil was not investigated as such, but the conclusion that it 
was methyl telluride was drawn from indirect evidence; for on 
treatment with nitric acid, the nitrate, to which was assigned the 
formula TeMe20,2HN0^, gave with halogen acids the haloid deriv- 
atives. Wohler and Dean also mention that the oil in question 
boils below 100'^, and that it is heavier than water, but not miscible 
with it. 

Attempts to prepare methyl telluride by this method invariablj 
gave a black tarry mass, and although the nitrate, and hence the 
haloids, could be obtained, methyl telluride as such could not be 
isolated . 

Another experiment, using methyl sulphate and potassium 
telluride, gave an oil containing sulphur which was not further 
investigated. The interaction between methyl iodide and potassium 
telluride gave a negative result. 

It was at length found that methyl telluride could be prepared 
by the reduction of Demar^ay's iodide with sodium sulphite in the 
presence of sodium carbonate. Other reducing agents invariably 
reduced the di-iodide to tellurium. 

An excellent yield of methyl telluride is obtained according to 
the equation; 


TeMe J.> ^ H.O -r ~ Ka^SO^ 2111 1 TeMe.,, 

(«■) 

2HI -f Na2C03 - 2NaT -i- CO^ + 11^. 

To a solutiou of 13 grams of sodium sulphite (hydrated) and 
6 grams of sodium carbonate in 200 c.c. of w’ater contained in a 
500 c.c. distilling flask couiiectetl with a long, water-cooled con- 
denser, 20 grams of the a-iodide are added. The flask is gently 
warmed, the iodide rapidly dissolved, ajid an emulsion results. The 
remperature is slowly raised and the telluride jiasses over rapidly 
at about 75^; most of it will have distilled over before the solution ' 
egins to boiJ. A few minutes' boiling will suffice. 
nipht^whh brown oil is separated from water, kept over- 

mils st iAJrw Z. 
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Methyl telluride is a very pale yellow oil which aolidifiea in 
liquid air, but not in carbon dioxide and ether, is somewhat heavier 
than water, and possesses the most abominable and persistent odour 
yf all tellurium compounds (Found: C = 15’22; H = 3'S5. Calc.: 
C=;15'24; H = 3'80 per cent.). The boiling point of methyl 
(elluride completes the list of boiling points of the dimethyl deriv- 
atives of the sixth group of the periodic system. These are: 
yi^,0 -23°, Me^S 37°, Me^Se 58° and Me^Te 94°. 

Methyl telluride dissolves slowly in water, and the aqueous solu- 
tion does not contain the telluride as such, but is a solution of 
the abase. This is shown by its alkalinity and the potassium 
i(xlide test.* The reaction between the telluride and water is 
probably TeMes + H 3 O -f - 0 = TeMft>(OH) 2 , the oxygen being derived 
from the atmosphere. 

If hydrochloric acid is added to an emulsion of the telluride in 
water, the solution gives a positive a-iodide test, the red precipitate 
increasing on keeping, and being e^jpecially noticeable on the 
surface of the liquid, where contact with the air is maintained, 
The addition of a trace of an oxidising agent, such as potassium 
[permanganate, 80 <iium hypochlorite, etc., instantly precipitates the 
vhole of the a-iodide. This reaction is simply due to the oxidation 
)f the methyl telluride to the abase, which, in its turn, gives the 
i-dibaloid. 

The action of oxidising agents, and especially of hydre^en per- 
jxide, is of intercut, since either base, and in consequence either 
a- or j 3 -haloirls can be obtaine<l. 

H just sufficient hydrogen })eroxide is added «)mpletely to dissolve 
le telluride on .slightly warming, an alkaline solution is obtained 
liich gives the usual tests for the a base, 

TeMe3j-H,(Xr:TeMe,(0}l)3. 

If an excess of hydrogen peroxide is used, and the solution boiled 
or a short time, the telluride ri oxidisjNl to the ^ base, from which 
be jS dihaloid can bo prepare<l. 

ToMp. ; OrzTeMe.O. 

Prolonged boiling of the telluride with an exc.es.s of peroxide 
eiitually produces a turbidity and a gradual precipitation of a 
ire white, amorphous powiior. This, as will i)e .‘^hown, is the 
Ihiroue, TeMe^ } O 3 - TeMe-O.i. 

A conhnnation of these results con.sists in directly oxidising pre- 

■tsinipli' tost to distinpiish <h<' two b*».'.os is to aridity tlnun with hydro- 
'bfic acid, uml juhi a concern rated ^<>lutioa of pUa^{ii\nn iodide, 
3ea-basei(i iruiicntcd by a brigfit yellow which rapidly Ix'coines 

it^k-rDd (fl'didodido). Tho 6'baao instiuilly givets n deep blocKi reil pra- 
(^-di-iodide) without the preliminary yellow phase. 

h L* 2 
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of the two bases, the tellurone reeultiag in each 


The action of sodium hypochloHte on the telluride la sunilat to 
the combined action of hydrogen peroxide and hydrochloric aad. 
Either a- or jS-dichlorides are obtained. 

An acid solution of potassium permanganate probably acts in the 
same way, and the vapour of methyl telluride is completely 
absorbed by a bubbler containing a 5 per cent, solution.^ 

A fairly delicate test for the presence of methyl tellund© vapour 
is to bubble it through concentrated sulphuric acid. Thi^ at first 
becomes a delicate pink, but is subsequently decolonaed. 

Methyl telluride deposits colourless crystals on keeping, and, 
although their (xiinposition is not known, they are probably some 
oxidation product of the telluride (^-base ?). 


dimethylielUirone, 

As already mentioned, the telluroue can be obtained by oxidation 
either of methyl telluride, or of either of the two bases. 

The best method of preparing the tellurone is to evaporate on 
the water-bath a solution of the a-base with an excess of hydrogen 
peroxide. The oxidation of the a-base appears to take place more 
readily than that of the j3-base, but it is quite immaterial whicli 
is used^ The white, amorphous powder is collected, washed with 
water and alcohol, and then dried. On account of ita insolubility 
in all solvents, it cannot be further purified, and the analytical 
figures are not in close agreement. (Found; C = 10'50; H=3i9. 
CgHfiOsTe requires C = 12'60; 11=^3-20 per cent.) This substance 
possesses all the characteristics of the peroxides; thus it oxidises 
the halogen acids to the corresponding halogen, decolorises 
potassium permanganate, and has explosive properties. 


TrimcthyUtUuro n-iu m loduh. 

Trimethyl tel) uronium haloids, TeMe^X, were first mentioned by; 
Cahours {Com-pt, rend.^ 1865, 60, 624), and later on Scott describe; 
the preparation of trimethyltelluronium iodide from the a- oi 
Deraar 9 ay’s iodide (P., 1904, 20, 157). 

< Tnmethyltelluronium iodide is of great interest from 3 
theoretical point of view, since it can be prepared directly froff 
either of the two di-iodidea, 

Its preparation from the a-di- iodide consists in reducing tli< 
latter and then treating the methyl telluride with methyl iodid^ 
The reaction is violent, heat is evolved, and it is advisable to dil«lj 
the telluride with some solvent like chloroform, eto. On gwstlj 
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warming, the oolourleM, cryatelUne iodide is deposited. Soott pre- 
pared it directly by treating the ordi-iodide with sodium sulphite 
and methyl iodide. 

Trim ethyl tellur onium iodide crystallises in colourless, fibrous 
needles. It has no definite melting point, and decomposes on 
heating. It is very readily soluble in water, and crystallises well 
from this solvent. (Found: 1 = 42*20. Calc.: I ==42*40 per cent) 
To prepare the compound from the jB-didodide, it is only 
necessary to boil two molecular proportions of the latter with one 
molecular proportion of a concentrated aqueous solution of sodium 
carbonate. The colourless solution deposits the fibrous crystals on 
cooling, and these are recrystallised from water until their solution 
no longer gives a red precipitate with hydrochloric acid, 

Although the mechanism of the formation of trimethyl- 
telluronium iodide from the jS-di-iodide is not clear, the obvious 
wandering of the methyl groups is somewhat reminiscent of the 
sulphonium compounds. 

Ko explanation of this reaction will be attempted, but in view 
of its curious and unexpected nature, the salt was analysed. 
(Found; C=12*03; H=:3’14; 1 = 42*34. Calc.; C=r 12*00; 

H=3‘00; 1 = 42*40 per cent) 

If a methyl -alcoholic solution of the jS-di-iodide is titrated until 
decolorisation with, for example, sodium hydroxide, one molecule 
of alkali is required for one molecule of the iodide (Found : 
00 grams required 9*13 NaOH. Calc.: 9*73 grams). 

With an alkali carbonate, one molecule is required for two of 
the iodide (Found; 100 grams required 1215 NagCO^, Calc.; 
)‘2*89 grams). This experiment indicated, therefore, the ratio of 
sodium carbonate to )3-di'iodide necessary for the above preparation. 

The totally different behaviour of the a-iodide towards the alkalis 
vill be dealt with in a separate paper. 


The 

Owing to the extremely hygroscopic nature of this base and its 
complete deOTmposition at relatively low temperatures, consider- 
Able difficulty attended the jireparation of a pure specimen for 
Mytical purposes. The following method was eventually adopted. 
The discoloured base obtained from 21 grams of the a-di- iodide 
'X' p. 93) is redissolved in water, and the solution, after 
Itrafion, is evaporated to drynees at a temperature not exceeding 
ONIO-20 mm. pressure), and this operation is repeated until a 
(ibiirless preparation is obtAined. 

A boat oontainiug the base is placed in a wnall weighing botUe 
pth a ground glass stopper. This is held in a glass tube, closed 
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at one end, and connecting at the other through a set of calciuin 
chloride tubes to a good water-pump. A bath containing boiling 
chloroform keeps the base at a constant temperature. After about 
ten hours, the weighing bottle is removed, weighed, and the boat 
instantly transferred to the combustion tube. The base cannot 
be dried to constant weight as it is slightly volatile (round; 
C-13‘26; H~3'45. Calc.: C-^IS-SS; per cent.). 

DuiiUation of the ^-Bas^.- On heating, the base begins to 
decompose at about 100° at atmospheric pressure, and at 80—90" 
under diminished pressure. 

The apparatus used in these exjieriments consisted of a 50 c-c. 
distilling flask connected to a suiUbly constructed receiver. The 
flask was heated by a sulphuric acid-bath, and the receiver was 
thoroughly cooled in a mixture of carbon dioxide and ether. On 
slowly raising the temperature, the base melts, swells enormously 
to a dry, powdery, brown mass, and a liquid condenses in the 
receiver. As a rule, the residue remaining in the distilling flask 
amounts to about 45 per cent, and the distillate to about 51 per 
cent, of the weight of base taken. 

As the weight of the residue plus the weight of the distillatr 
was never exactly equal to the weight of the base, it became 
necessary to ascertain whether this was due to experimental error 
or to some gas that was evolved during the distillation. 

That the latter is not the case was shown by connecting the 
receiver with a eudiometer filled with mercury, and after com- 
pletion of the distillation it was found that the volume of gas 
collected corresponded very exactly with the c.alculated volume of 
air displaced. This was confirmed by connecting the receiver 
through a complicated set of drying tubes with a combustion tube 
filled with copper oxide and kept at a red heat. No evidence o'* 
the formation of carbon dioxide or water was obtained. 

Analysis of the brown residue remaining in the distilling flask 
showed it to be of somewhat indefinite composition. Analytical 
figures approximated fairly closely, however, with a compound or 
mixture of the type TeAIeA (Found: C = 7-60; H = l'9‘2, Calc.; 

C = 7 oG; H^bSO per cent.). 

The distillate, which passes over at about 86® under norma 
pressure, usually, but not invariably, consists of two layers, wbiri 
are still liquid in carbon dioxide and ether. On drying this obviou: 
mixture with anhydrous sodium sulphate, and fractionating, thf 
upper and colourless layer jiasses over at 62®, and the lower sd 
faintly yellow layer at 94®, The boiling point of 94®, and analysis 
of the trimethyltelluronium iodide obtained with methyl iodiciej 
showed that this fraction was methyl telluride. 
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The first fraction was not further investigated, owing to the 
intolerable nature of thrae substances. 

There is good reason to presume, however, that it is dimethyl- 
telluronium dimethoxide, TeMe7(OMe)2, and the decomposition of 
the base on dry distillation could be expressed somewhat as 
follows : 

4TeMe^O = TeMa, f TeMe^(OMe )2 + Te^Me^Og. 

The a-Base, 

If an aqueous solution of the a base is slowly evaporated on a 
water-bath or in a vacuum desiccator, potassium iodide teste taken 
at intervals show the unaltered a-base until a certain point is 
reached. If the evaporation is continued still further, the presence 
of the jS-base is at once observed. 

The point at which the a- begins to change into the jS-base 
occurs when colourless, deliquescent crystals make their first 
appearance in the solution. 

The lc»9 of w'ater between the point of transition and complete 
conversion of the a- into the /S-base corresponds closely with one 
molecule, and in consequence the a-base must be dimethyl- 
^lluronium dihydroxide, TeMft^(OH).,. 

The composition of the a-baae was determined as follows: 
)‘6350 grams of a somewhat syrupy solution of the base were placed 
.n a weighed U-tube, one limb of which was seale<l and the other 
connected with a calcium chloride tube. Tins in its turn com- 
municated through a set of drying tubes to a good water-pump. 

The dehydration of the syrup wa.s effected at (boiling chloro- 
form) under I'd mm. pre-ssure. 

Potassium iodide tests were taken every hour, and the first 
indication of the 3- base occurred after an interval of six hours, 
the weight of a-bavse and water being reduce+1 from 5 6350 to 
!l'6S86 grams. The calcium chloride tube was then weighed, and 
the dehydration continued until its weight remained t'onstant. The 
crease in weight was 0 gram, and the residue (j8*base) in 
le U-tnhe weighe<l 2‘398S grams. Ilemv ItH) grams of the a-base 
•se 8 7 grams of water, leaving SO grains of the 

The equation TeMo>(OH)_; TeMov,!) • IlJ) requires 9 2 grams 
f water and 90‘8 grams of the ^ base. 

In view of experimental diihculties. the agreement is reasonably 
jced, 

Dri/ fJifihIhifioti of fhe a- diu! B iBhnlouh, 

A dry distillation of the 3diio<iide. conducted in precisely the 
in, 'inner a.s that of the adiitxlide {Jnr. nt., p 91), gave 
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Mel = 66; T6==34 (Calc.: M:el = 69; Te=31 per cent.). A siioilar 
experiment with the j5-dibromide gave MeBr=58; Te=:42 (Calc.; 
MeBr = 59; Te=41 per cent.). 

An experiment showing the decomposition of any one of the six 
dihaloids, according to the general equation 
Te^Ie,X2=Te+2MeX 

can be made by sealing up the dihaloid in a small glass tube, one 
©nd of which is drawn out into a fine point. The tube is theii 
bent at right angles, and the dihaloid in the rounded end care- 
fully heated. The liquid methyl haloid will condense in the pointed 
end of the tube, and amorphous tellurium will be found in the 
other. 

University Chemical Laboratory, 

Cambridge. [Ktreived, June. Wk, 1920 .] 


QI , — Volumetric Estimation of ^^'-Dichloroetkyl 
Sulphide. 

By William Francis Hollzly. 

The usual procedure for the estimation of ^^'-dichloroethyl 
sulphide in " mustard gas is to distil a known volume of the 
sample under diminished pressure and to collect the fraction 
boiling at 125— 130°/40 mm. This product is fairly pure 
chloroethyl sulphide, melting at about 10°, and the volume 
obtained affords an approximation of the purity of the crude 
product. 

This procedure involves personal risks, and gives no accurate 
figure for the absolute percentage of ^jS'-dichloroethyl sulphide, aa 
the latter fraction also contains higher chlorinated compounds and 
other impurities. 

With the object of overcoming these difficulties, the following 
volumetric method for the estimation of jB]5'-dichloro€thyl sulphide 
in ' mustard gas/ with or without solvents, has been devised; it 
depends on the fact that )3j3^-di chloroethyl sulphide forms a definite 
double salt with cuprous chloride, of the constitution, 
[(CH,.Cl-CH,>).S)XhiXl.,. 

As the higher chlorinated compounds do not react with cuprous 
chloride, the method is applicable for the absolute estimation of 
jSjSLdichloroethyl sulphide. 
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Frocedwr^, — About 1 gram of the sample is weighed into a 
stoppered 100 c.o. conical flask, and to this 10 o.o. of a standardised 
solution of cuprous chloride in absolute alcoholic hydrogen chloride 
is added from a burette. 

The cuprous chloride solution should only be prepared imme* 
diately before use. The beat means to adopt is to have a 10 per 
cent, solution of hydrogen chloride in absolute alcohol on hand, 
and to dissolve 5 grams of pure cuprous chloride in 50 c.c. of it 
when required. 

The '' mustard gas ” sample readily dissolves in the alcoholic 
solution, and the contents of the flask are allowed to remain for 
ten minutes in the cold, with occasional rotation. At the end of 
this time, the whole is gradually diluted with careful agitation and 
cooling in water, by the addition of 50 c.c. of a 5 per cent, aqueous 
sodium chloride solution from a burette. 

After the addition of about 3 c.c. of the diluent, the contents 
of the flask become semi-solid owing to the partial preapitation of 
the cuprous chloride double salt, in the form of fine colourless 
needles; it is advisable to allow this to occur as it hastens the 
miuplete precipitation of the double salt in a crystalline condition 
sn total dilution, whilst^ the excess of cuprous chloride is held in 
solution by the sodium chloride. 

On total dilution, the contents of the flask are well mixed by 
careful shaking, allowed to remain for a minute or two, and the 
liquid is then filtered from the precipitate through glass wool into 
a dry burette. The filtrate is quite clear, and the amount of 
xipper in a known volume of it is subsequently determined in 
terms of c.c, of .V/lO-sodiuni thiosulphate, by the titration of 
iodine liberated from potassium io<Iide. 

It is impracticable to wa^h the double salt free from the excess 
of cuprous chloride, as it dissociates to some extent in contact 
with water. This difficulty is overcome by knowing the total 
volume of the 10 c.c. of standard cuprous chloride solution, plus 
tteoO C.C. of diluent, which is found to b© 59-5 c.c. By this means 
tb total excess of cuprous chloride is readily calculated from the 
amount contained in the known volume of the filtrate taken for 
tb copper estimation. 

yMmatioii of thr. Copper, Usually 30 ac. of the filtrate are 
from the burette into a 250 c.c. conical flask and 5 c.c. of 
lydrogeu peroxide (20 (ler cent, by volume) are added while cold to 
ixidise the copper to the cupric form. The contents of the flask 
® then gently boile<i near,', to dtj-ness, which cq)cration is 
twice after the addition of 10 cc. of water to ensure that 
races of gaseous oxidising agents are removed. The residue is 
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diluted with 50 c.c. of water and sodium carbonate solution added 
to give a alight precipitate, which is rediasolved by the careful 
addition of dilute acetic acid. A slight excess of potassium iodide 
is added and the liberated iodine is titrated in the usual way with 
V/lO-sodiutti thiosulphate. Together with this, the original 
alcoholic cuprous chloride solution is standardised m terms of ac, 
of A/ 10-thiosulphate by oxidising 5 or 10 c.c. wHh hydrogen per- 
oxide and subsequently treating as already detailed. 

From the results of these titrations, the percentage of S^'-di- 
chloroethyl sulphide is readily determined. 

The formula of the double salt }mng [(CIl2CI*CHo)2Sj2CuXio, 
127 grams of copper correspond with 318 grams of ^^^-dichloro- 
ethyl sulphide. As 1 c.c. of A/10-thiosnlphate corresponds with 
0 00635 gram of copper, therefore 1 c.c. of -A / UHhiosulphate = 
0*0159 gram of dichloroethyl sulphide, the percentage of which 


_ , where aI=c.c. of A/lO-thiosulphate 
Weight of sample 

corresponding with copper in the 10 c.c. of standard cuprous 
chloride solution, and ^f-c.c. of A/lO-thiosulphate corresponding 
with copper in the 59*5 c.c. of filtrate, that is, the total excess 


of copper. 

The following table gives some results obtained with different 
samples of mustard gas ’ compared with those given by the 


distillation method : 








C.c. of 

j0j8'-DichIoroethyl snlplm!?. 


Weight 

A^lOttuosnlphate. 

Per mit. 


taken. 




N 

Sample. 

Grams. 

A. 

B. 

Tit rut inn- 

Distillation. 

I 

. a'9908 

101-2 

w.Vo 

9901 



0-9617 

100-2 

40-1 

98-5 - 

100 


0-9032 

100-2 

44-0 

98 9 J 


TI 

1-3000 

1270 

49 2 

95-1 1 

100 


1-0822 

106-4 

41-6 


m 

1'2824 

990 

42-40 

70-21 

76 


1-3398 

99-0 

40-4 

69-6/ 

IV 

1-2642 

99-0 

49 6 

62- n 

65 


0-9166 

106-4 

70-8 

6J-7/ 


Sample I was specially pure dichlorocthyl sulphide, obtained 
after three redistillations, free7ii3g, ami draining off the residual 
liquid. It melted at 13*5°. 

Sample II,— Once distilled 30 ; 8 ^-dic!)loroethyI sulphide from crude ; 
product. M. p, 12'5® 

Sample III.-— Crude product as manufactured. M. p. 8^. 
Sample IV.— Crude product i solvent. M. p. -3° 
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Higher Chlorinated Compounds and Cuprous Chloride. 

Equal volumes of 95 per cent. /3^''dicliloroethyl sulphide and 
sulphur monochloride were mixed and allowed to remain at the 
ordinary temperature for two weeks. Hydrogen chloride was 
evolved and sulphur separated, showing that some chlorination had 
taken place. The product was then distilled, no sulphur mono- 
chloride being obtained, and the fraction boiling at 118 — 120®/ 

20 inm. was reserved. This fraction did not freeze even at —7®; 
therefore, the greater proportion of the fraction is composed of 
higher chloro-compounds, although undoubtedly some jSj3^-dichIoro- 
etbyl sulphide was present owing to the difficulty of separating it 
by fractional distillation. 

The following results were obtained by the volumetric method : 

{ii) T3172 Grams, using 10 c.c. of alcoholic cuprous chloride 
(:=102 c.c. of required G7'8 c.c. of 

sulphate for total excess copper. Percentage of jSjS^-dichloroethyl 
84*2 X P59 _ .q 
1-3172 

(6) 1’0804 Grams required 737 c.c, of .V/lO-thiosulphate for 
total excess copper, percentage of j3^^-dichloroethyl sulphide 

The sample, after treatment with alcoholic cuprous chloride and 
dilution, was precipitateil as an oily layer, instead of the usual 
crystalline precipitate. This oily layer, on keeping, gradually 
became pasty, owing to the separation from its solution of some 
&f the j3)3''dicliloroethyl sulphide-cuprous chloride double salt. 
This qualitative observation, together with the above r^ults which 
sW a fall ill the percentage of ^^'-dichloroethyl sulphide from 
95 to 41 per cent, after chlorination, indicate that the higher 
cbloro'compounds of ethyl sulphide do not enter into the reaction 
during this volumetric estimation, no copper salts of these com- 
poumis being formed. 

t nal tjm u« d Hro pert ies of the D ich I or Of t h y / .s’ ul ph ide-(^uprous 

Chloride houldf 

The salt was prepared by the method already descrilied, washed 
*'itli alcohol, and dried in a vacuum, when colourless needles were 
)btained. 

A known weight of the sample was carefully heafe<l with a little 
concentrated nitric add to drviips.s, a few c.c, of water were added, 
and evaporated. The oo])jvnr wjui estiinattvl as usual by 
potassium iodide and .V/lO-thkiaulphate (Eound , ('u 24 '3, 24 1. 
require>s Cu 24'6 per {'ent.). 
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The double salt cau be obtained by a variety 

1 1 . cf^rrincr tte dry components tf^ether followed by 

example, by g jiqujij ^jth cuprous chloride 

„»holm acid.'and also by the method 

ed in iHetailed estimation. This method is by far the 
*“f ri as it gives a quantitative yield of a crystalline product. 
T?salt readilv dissociates on warming wjjh ether, carbon tetra- 
M etc but less readily in alcohol, when cuprous chloride 

i, ;:ecipitate^^ iltrSlllue"'m 

STmon^Xlde solution or concentrated hydrochloric acid, 
The salt becomes pasty, owing to partial dissociation and so ntion 
cuprous chloride in the liquid, leaving a proportion of the liquid 

‘’'S'^sTairhave a dissociation or decomposHion point rather 
than a melting point, which occurs at about 60 . 

The solubility in various solvents is difficult to judge, owing o 
the more or less rapid dissociation. The salt can however, be 
crystallised from hot al«>hol, in which it is fair y soluble, ^parat- 
ing in colourless needles, but the solution has to be altered from 

some dissociated cuprous chloride. 

The vesicant power of the salt appears to be of the same degree 

as i33^-dichloroethyl sulphide itself. 

General Remarks.-U the estimation of the crude product, with 
or without solvent, owing to the presence of higher chloro-com- 
pounds or solvent, the salt, on being precipitated from the alcqhohc 
solution, contains some lumpy particles, due to the precipitated 
oily higher chloro^compounds or solvent dissolving some of the 
double salt. It has been proved quantitatively that these small 
lumps do not retain any unused cuprous chloride which should 
pass into solution with the sodium chloride, and the result is not 
affected. 

This volumetric method for the estimation of ^^'-dichloroethyl 
sulphide has distinct advantages over the distillation method, which 
does not yield ^^'-dichloroethyl sulphide free from impurities, in 
that it is a much cleaner process and the personal risk is almost 
entirely eliminated, iloreover, it is a quick method, as an estim- 
ation can be done in less than an hour. 


This paper is the result of work carried out at H.M. Factory, 
Avonmouth, and it is published with the sanction of the Chemical 
Warfare Department. 

67 Ko8.s Road, 

WaIiUNoton, Sttbrey. [Receivfdt June Ijth, 1920.] 
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OIL — The Ignition of Oases. Fart I. Ignition hy 
the Impulsive Electrical Discharge. Mixtures of 
Methane and Air. 

By Richard Vernon Wheeler. 

The refloarch to which the present paper forms an introduction 
originated in a desire to obtain information regarding the 
laechanism of ignition, particularly by electrical means, of mixtures 
of methane and air. For it is necessary to know with certainty the 
conditions under which ignition of such mixtures is to be 
apprehended in coabmining practice. 

As the work progressed, it became apparent that the infonn- 
itioD required could not be obtained if attention was confined to 
piethane as the inflammable gas in admixture with air, but that 
it would be necessary to study also the ignition of other members 
of the parafiin series of hydrocarbons, and of hydrogen, when mixed 
with air, and of methane when mixed with pure oxygen and with 
various mixtures of oxygen and nitrogen. 

The research, so far as it has progressed, can conveniently be 
divided under three heads; I, Ignition by heated surfaces; 

II, ignition by the secondary discharge (high-tension sparks), and 

III, ignition by electric "break-flashes” (low-tension sparks), 
These can be subdivided to treat separately under heading I of : 
(T) Ignition by the heated walls of a «)ntaining vessel, and (B) 
ignition by hot wires. Under heading II can be grouped the 
iffnition of: (d) Mixtures of methane and air; (5) mixtures of 
kdrogen and of different members of the paraffin series of Hydro- 
carbons with air; (^’) mixtures of methane with oxygen and with 
mixtures of oxygen and nitrogen. Under heading III the effects 
rill be considered of; (d ) The inductance of the circuit; (.5) the 
rate of break of circuit; (C) the materials of the poles; and (B) 
tb use of alternating current. It is proposed to submit separate 
accounts of each of these parts of the research to the Society, not 
3eces>arily in the order indicat e<l alwve, as opportunity affords to 
prepare the results for publication. 

The requisite for a source of heat to initiate flame in a gaseous 
fixture i.s that sufficient energy shall be introduced to maintain 
Ifr i sufficient length of time a sufficient volume of the mixture 
alxjve its ignitioii-teinperature. 

Sulciency of the source of heat will depend on (a) the ignition* 
kEperatiire of the mixture, and (h) the spedfic heats of the mixed 
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gases. Sufficiency of time will depend on (c) the duration of the 
pre-flame period for the mixture, (d) the initial speed of propaga- 
tion of flame therein, and (c) its thermal conductivity. Sufficiency 
of volume of mixture ignited will depend on (/) the thermal value 
of the reaction. 

It will be seen that several of these factors are interdependent. 
Thus, the ignition-temperature of the mixture and the duration 
of the pre-flame period both depend on the rate of reaction of the 
combining gases; whilst the initial speed of propagation of flame 
in the mixture also depends on the rate of reaction, as well as on 
its thennal value. 

Although this research deals in general with the mechanism of 
ignition of inflammable mixtures w’hatever the means employed to 
effect that ignition, the characteristics of the igniting agent must 
be considered, if not completely defined. For, by the use of several 
kinds of igniting agents, each wdth different known characteristics, 
the importance to be attached to one or other of the many factors 
which determine whether or no flame shall be produced in an in- 
flammable mixture can be g&nged. Unfortunately, the amount of 
information available regarding the characteristics of electric dis- 
charges is very meagre. 

The igniting agent employed for the series of experiments 
described in this paper was the high-tension spark produced at a 
gap in the secondary circuit of an induction coil when a current 
in the primary circuit was broken. When such a spark is 
examined in a rotating mirror or photographed on a rapidly moving 
film, it is found to consist of an initial bright spark followed by 
others of less intensity or by a striated luminous band indicating 
an undulatory unidirectional discharge. The initial bright spark has 
the characteristic appearance of a single discharge from a condenser. 

According to Morgan (''Principles of Electric Spark Ignition 
in internal Combustion Engines,” London, 19^0), the most- 
important consideration regarding secondary discharges is that 
each discharge consists of two successive j)hase8, namely, a 
‘‘capacity component” and an ''inductance component/' The 
former corresponds with the spark obtained by the discharge of 
electrostatic energy from a condenser, the latter with the dis- 
charge of electromagnetic energy from a coil. The duration of 
the capacity component of the swondary discharge is always 
extremely short, but the value of the current reached in it is much 
higher than that of the current in the inductance component. The 
capacity component can l)e intensified at the expense of the Induct- 
ance component by increasing the capacity associated with the 
spark-gap circuit, and it is then found that the igni ting-power of 
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the spark is increased (although its total energy has not been 
iltered). This suggests that when ignition of inflammable mix- 
tures is caused by the secondary discharge, the effective part of 
that discharge is the capacity component. Paterson and Campbell 
(free. Physical Soc., 1919, 31, 193) so far share Morgan’s views 
as to suggest that the igniting-power of the discharge is determined 
hy the quantity of electricity in the first spark that passes. 

We can, then, characterise the secondary discharge from an 
iofluction coil, in relation to its ability to ignite inflammable mix- 
tuiei-r as of exceedingly short duration and high intensity, 
assuming, with Morgan, that the “capacity component” of the 
discharge is the effective portion. 

For an igniting source of these characteristics, the relative 
‘ iffiiitibilities ” of mixtures of methane and air are shown in 
Fig. 3 (Curve .4), In this diagram, percentages of methane, over 
a wide range, are plotted against “ igniting-currents ” , that is to 
,ay, the currents in the primary circuit of an induction coil, which, 
when broken at a constant rate, induced secondary discharges, at 
a fixed spark-gap, just capable of igniting the mixtures. 

When, as in these experiments, the gap is formed by sharply 
pointed electrodes, and tlie voltage is applied with great sudden- 
ness (as is the case with an induction-coil), the sparking voltage 
for a gap of constant width follows, over a wide range, a straight 
’ice relationship with the primary current. The energy-content 
){ the ‘capacity component” of the discharge is where C is 

incapacity associated wdth the gap circuit (including that of the 
jecoudary winding) and T is the sparking voltage. Assuming 
that ignition de/>ends on the energy of the capacity component 
(and the best availaf)le evidence is in accordance with this assump- 
tion), it is rational to co-ordinate j- (primary ciUTeiit) with per- 
centage of inflammable ga- in the mixture. The general character 
of the curve will not l>e altortnl by plotting instead of i-, against 
[percentage. 

For our present ]nirp<»e, it i- .■^uffuicnt to define the induction- 
coil used for the experiments as an ' 8-inch coil of the A' -ray 
type. The 'trejiibler ” of the coil was removed and direct con- 
nexion matle l>etween the leads of the primary circuit and a battery 
of amnmilators. Included in the circuit was a contact-breaker 
ri the type previously de^^cribed (T.. 1917, IH. 130), a regulating 
psistance, and a Weston A.tb ammeter. The last-named •wa.‘* 
port-circuited whenever a discharge was passoil at the spark-gap, 
^ noil inductive reeistaiico e<jual to its nsistaiu'e being include<l in 
pe circuit in its stead. In some of the earlier .'^erie.s of ex peri - 
a capacity (of O Hj microfarad) was inserteil acroea the 
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break, and thus avoid o that these contacts should 

obtain consistent resulte, j ^ rg than 1 ampere 

remain ol^n, and, when ou^enta ^ m 

^ere broken, the Duplicate experiments showed that 

rSlarV^the spark-gap 

1 ampere, the ‘"^P^^^^J^^^atinuin wires 2 mm. in diameter 
The spark-gap i .^^hich were 

coated «th electrodes were sealed, with 

sharpened to P ^ ^ ^ capacity, so as to 

s:t s'* 

" m.* “il™ o’ *' ."J ik «• w* ■■ 

hoMers over a mixture of equal parts by volume of glycerol and 
lit and were analysed before use. The gas-holder containing 
rtmixture to be experimented with was attach^ by msAns of 
fjut rubber pressure tubing to one Umb ^e^Wway 

CXi «- ;. .H. «.~4 

tal Lde connexion, throngh a calcium chloride tower, with a 

'"mtht of experiment was that of tri^ and error^ A 
charge of a given mixture having been introduced into he 
explLion-vessel at atmospheric teni,^rature and 
current in the primary circuit was adjusted to an ar i rary v 
and the disch/g® caused to pass at the spark-gap. If j 

the mixture occurred, the explosion-vessel was rapidly exhaus^ 
and a fresh charge allowed to enter from the gas-holder; this a a 
allowed to remain for a few seconds, and then reinoved by exhaiis 
tion, the explosion-ves^el being finally refilled,* The current ni th 
primary circuit was now adjusted at a lower value ; if the second^ 
discharge produced on breaking this current did not ignite 
mixture during ten trials (ma<le at intervals of about five secon^ 
each), it was increased by 0 01 anijicre, and ten further disc ,, 
were caused to pass. Eventually a value for the current m b 
primary circuit was found such that the secondary discharge. 

• The object of this procedure was to avoid the condensation of rooistm. 
produced by the combustion of the methane, mthm tee 
and to maintain the same saturation of water- vapour in t e mix urea 
out a senes of experiments. 
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produced on lireaking it at a constant rate, ignited the mixture 
vvithin the first few trials, a current O' 01 ampere less in value 
living, under the same conditions, a secondary discharge incapable 
igniting the mixture in one hundred or more trials. The final 
value for the “igniting current’^ for a given mixture was checked 
by making four or five trials with fresh chargee of the mixture at, 
O'Ol ampere below, the current found in the preliminary 
trials. 

If a discharge was capable of igniting a mixture, it usually did 
so at the first, or within the first three, trials. That it did not 
do so invariably at the first trial is ascribable to slight alterations 
in the experimental conditions, either at the contact breaker or at 
the spark-gap. Ordinarily, the contrast between the current 
necessary to produce a discharge which would, and one which would 
not, ignite a given mixture was very sharp, the one, as aforesaid, 

! causing ignition within the first two or three discharges, the other, 
01 ampere less, being incapable under the same conditions of 
foduciiig an igniting discharge, however often trial might be 
lade. Occasionally, however, irregularities were observed, ignition 
tf a given mixture perhaps occurring with the usual “igniting 
nirrent'’ only after fifty discharges. Such an irregularity could 
ilways be traced to oxidation of the polished steel contacts of the 
jrimary circuit-breaker* on re-polishing the contacts, the irregu- 
iarity disappeared. More rarely, w*hen it was found that a much 
bi£[her current than usual was unable to produce a discharge cap- 
of igniting a given mixture, irregularity could be traced to 
iihe condition of the spark-gap; a minute speck of dust had perhaps 
kxli^ed on one of the sparking-points. On such occasions, cleaning 
)f the explosion -vefisel with chromic and sulphuric acids restored 
ie .cpark-gap to its original condition, a fact which was tested by 
;rial of a ‘standard'' mixture (8*0 per cent of methane). Aa a 
hatter of routine, the testing of this standard mixture^ was fre- 
juently interposed l>etween dissimilar mixtures to give assurance 
bt the conditions of experiment were being maintained 
(uchauged. 

I I have described in some detail the precautions most necessary 
carrying out work of this character, because the belief, first 
omulgated by Thornton (/W. Eoj/. Soc., 1914, [A], 91, 17), 
continuous alteration of the proportions of gas and air in an 
jbinmable mixture can be accompanied by discontinuous alter- 
in the intensity of spark required for ignition, has recently 
revived by Paterson and Campbell on their observance of an 
^parent discontinuity of a different kind (/or. cit., p. 212). 
Paterson and Campbell’s observations were on the relation 
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between the capacity and the spark potential necessary to cause 
the ignition of a given gas mixture the composition of which 
remained the same throughout any one series of experiments. Two 
series of their observations are reproduced in Fig. 1, which h the 
authors’ Fig. 9^ without certain lines, intended to represent dig. 
continuities or ‘"steps,” which they draw through the observed 
points, It will be seen that the results can be represented equally 
as well by a “ smooth ” as by a “ stepped curve. It does not 
appear from Paterson and Campbeirs paper that these irregulari- 
ties were invariably produced in the same positions on repeated 
trials (in w^hich event they might properly be regarded as regn. 
larities, and some significance would attach to them), for the two 

Fm. 1. 



series of observations selected are stated to be unusually tree from 
inconsistency. That being so, some unobserved lack of uniformity 
in the maimer of carrying out the determinations would seem s 
reasonable e.xplanation of the lack of uniformity of the results. 
At events, it is rather far-fetched to relate, as do Paterson and 
tampoeil, these .neons, steneies in the phy.sical characteristics oi 
the d.scharp, supposing they e.vist, with the discontinuitiee i„ Ik ' 
g^ical characteristic of inflammable ini.xturee presumed k 


Paterwn and Campbell themselves obtained quite aniooth curvts 
plating the comp^it.on of different mixtures of hydrogen an, I air 

"0. . .,;r 
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changes in oomposition than to the capacity discharging in the 
jpark; that is to say, a given percentage change in composition 
iivolvea a very much greater percentage change of critical capacity. 
Accordingly, the effect of substituting as abscissa composition for 
lapacity is much the same as diminishing very greatly the scale 
abscissae in Fig, 9, while the scale of ordinates is unchanged/’ 
This compression of the scale of abscissae in Fig. 9 (Fig. 1 of this 
3 apcr) would mask the irregularities. Hence arises “ the failure 
jf Wheeler and others to observe ‘stepped ignition.’ All those 
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Prr Ct nt. oj Dh tfione in air. 

vho failed uswl the riiiduction ‘ sj)ark and varie<l intensity by 
neans of the primary current broken. Thornton, on the other 
naad, varie<l the capacity."' 

It is true that ia one series of experiment Thornton was con- 
cerned with the ignition of by condenser discharge sparks, 

and obtaine<l a measure of the relative ignitibilities of certain 
f^htiires by varying the rapacity, but Pater.'On and Campbell 
'gnore the fact that the most notable examples of discoutinuity 
recorded l>y Thornton when using ‘induction ’ sparks. The 
of mine referred to in the sentence quote<l above formed a 
lirect check on experiments made in a similar manner by Thornton, 
IS so descriM (T,, 1917, 111 , 130, 4U). 
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The example of Thornton's stepped ignition whiA I was unable 
to confirm (ignition by the impulsive disAarge of a mixture of 
methane and air, 9-5 per cent, of methane, the pressure of which was 


Fig. 3. 



varied) was chosen as presenting few sources of error; for example, 
the composition of the mixture remaining unchanged, enror of 
analysis would not affect the results. Moreover, the steps recorded 
by Thornton were remarkably well defined. Thornton has, how- 



lamTIOir BT THB IMPCXSIVB BLBOTEIOAti DKOHABOE, 

pver, obtained a rather ill-defined stepped curve for the relation 
{between the composition of mixtures of methane and air and their 
ease of ignition by the impulsive discharge, amd, in view of 
Paterson and Campbell’s suggestion, reference must be made to 
work. The “ stepped curve is reproduced in Fig. 2. 
ybornton’s comments thereon include the following {U>c. eii., 
p. 388) : “ With this kind of ignition methane appears to be 
sensitive to slight changes on the surface of the poles.” “ If the 
poles were not cleaned after every few explosions, steps occurred in 
t.jje curve . . . which disappeared again when the poles were 
(.leaned,” 

111 other words, as was to have been expected, unless the con- 
itions of experiment were maintained constant, discordant results 
■ere obtained. It ig conceivable that all the peculiar discontinui- 
ies which have dogged Thornton’s steps during his researches on 
he ignition of gases can be ascribed to the lack of similar precau- 
ions to that of maintaining the cleanliness of the electrodes. 

Curve A in Fig. 3 represents the results obtained in the present 
research when the spark-gap was about 1 mm. in length. Four 
)tlier curves have been obtained (each with between twenty and 
twenty -five observed points) using different explosion -vessels in 
which the spark-gap was also about 1 min., and two curves for 
tpark-gaps of about O'o and 3 mm. re6j:iectively. For the two lasb 
caDie^l airves, the general experimental conditions were as for the 
rve reiiroduced in Fig. 3; for the fo\ir additional curves with 
1 mm. spark-gap, changeti were ]mr})osely made in the experi- 
sntal conditions (which were, however, maintained constant for 
ly one series of experiments) in attempts to obtain some indica- 
jn of ‘ steps.” Thus, the rate of break of the primary current, 
If voltage of the primary current, and the construction of the 
irlijction-coil were each altered ; for two of the series (by different 
brervers), the precaution was taken of leaving the observ'er in 
’corance of the composition of the mixture undergoing test, lest 
i latent desire, if such there was, to obtain a smooth curve should 
misciously affect the care with which critical mixtures were 
Mei. In no instance was any other than a smooth curve, 
Offiparahie in every respect with that reproduced in Fig. 3. 
itiuined. 

If the current in the primary circuit of an induction-coil is 
constant and the width of the gap in the secondary 
is varied, a straight line relationship exists betw’eeu the 
voltage and the width of the gap, similar to that which 
as already stated, l>etween the primary current and the 
ipirking voltage when the seamdary gap (between sharply pointed 
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j V • «,T,^lanfc width. A check on the validity of 
electrodes)^ IS ^ obtained by plotting (secondary 

r !gainst percentage of inflammable gas . (primary 
?u rent beinl maintained constant. A series of determinations 
^this character was made, the electrodes being a disk of platinum 
1 cm in diameter and a sharply pointed cone of platinum atohed 
O a micrometer head to admit of accurate measurement of the 
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■width of the gap. The current in the primary circuit was main- 
tained constant at I'O ampere. The curve obtained when width 
of gap in nun, was plotted against percentage of methane is repro- 
duced in Fig 4. It is identical in character with curve .1 of 
Fig. 3. 

The characteristics of the curves (Fig. 3 [,I] and Fig. 4) to 
which attention should be directed are; (1) the greatly increased 
difficulty of ignition as the limits of inflammability are approached, 
pariicularly on the high limit side; and (2) the position of a range 
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^ur optimum &aso of ignition between 8 ’2 and 8'5 per cent.. 

jjietbane. 

It should be noted that no attempt has been made to determine 
lie limits of inflammability of the mixtures in the course of these 
;(perimente. Such determinations would only have been signifi- 
in relation to the explosion-vessel (of 75 c.c. capacity), the 
[ze of which did not admit of judging to what extent the continued 
jjQpagation of flame was possible in the mixtures. 

Idoreover, mixtures which can be ignited by a sufficiently fntense 
Qurce of heat — and it is the problem of ignition with which we 
ire now” concerned — are not necessarily capable of propagating 
name any considerable distance away from that source of heat, 
illustration of this is to be found in the “cap"' or aureole 
jhat warns miners of the presence of firedamp in coal-mines. An 
aureole due to burning methane can be seen around a non -luminous 
oil-flame when less than 1 per cent, of the gas is present in the 
air, and this aureole increases iji size (mainly in length) as the 
percentage of gas is increased, until wdth 5 per cent, of methane 
lit may be many inches long, The lower limit of inflammability of 
(lethaue, however, even for upward propagation of flame, is not 
ess than 5 ‘3 per cent. Similarly, if a sufficiently intense electric 
park is caused to pass in a iiiixture of methane and air containing 
but a trace of methane, a cap may l>e seen above the spark, and 
lithe quantity of methane lie 4 or 5 per cent,, the momentary 
c^p may bo sufficiently large to fill the ex])losion- vessel. This 

production of large caps in small explosion-vessels has misled several 
iobs^rvors into placing on record false limits of inflammability. 

I It will be understood, then, that mixturee which contain less 
iuilainmable gas than is re<iuired for a lower* limit mixture (or 
more than is required for an upper-limit mixture) can be ignited, 
and it may be important to determine the relative ignitibilitiw 
lolsuch mixtures, as will }x> seen wffien the ignition of mixtures of 
ait with the higher memWrs of the paraffin series is considered. 

The limits of inftaminahility, iqiward propagation of flame, for 
mixtures of methane and air are. lower, 5 '3, and npper, 14‘3, per 
»Dt,, and a local inflammation can lie ohtaimHi in mixtures beyond 
ikft limits. The determinations of ' ignitiiig-currents ’ were, id 
restricted to such mixltirt>s as requirwl no more than 
1'23 amperes. For, apart from the fact that when currents higher 
this were broken in the primary circuit, the nwl for ro- 
®lishing the surfaces of the coni act- l^reaker hecame over-frequent, 
Reform of the secondary di.srharge with a 1 mm. gap changed, 
as it .qirca<l hack along the electrode instead! of apjjear- 
«xclusive]y from the point, jis it did when the current broken 
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in tke primary circuit was not mucli more than I ampere, so that 
the size, as well as the intensity, of the source of ignition changed. 
Igniting currents higher than 1’25 amperes therefore did not bear 
a strict relation to those of lower value when a spark-gap of 1 mm. 
was used. With a spark-gap of 3 mm., no change in the form 
of the discharge appeared as the current in the primary circuit 
was increased up to 3 amperes, and the igniting-currents ” were, 
over the whole range of mixtures, lower with this gap than with 
the 1 mill, gap, so that the true relative ease of ignition of 
methane-air mixtures at the lower and upper limits of inflamma- 
bility could, if necessary, be determined by the use of a wider 
spark-gap. The fact to be emphasised is that the terminal points 
on Curve A in Fig. 3 do not represent the '‘limits” of igniting- 
power of the discharges for the mixtures. Despite the steep slope 
of the curve towards those terminal points, the rang© of igniting- 
power of the discharge extends, as already explained, beyond the 
limits of inflammability of the mixtures, and the curve can be 
extended, as shown in dotted line. On the other hand, the graph 
reproduced in Fig. 4 is nearly complete. For with a constan' 
current of I'O ampere in the primary circuit, mixtures containiiic 
less than 6 0 or more than ll'o per cent, of methane could noi 
be ignited by the secondary discharge under the conditions of thf 
experiments, whatever the width of the gap. The reason for this 
will be explained in a subsequent communication. 

Of the factors enumerated on p. 903 as determining, in genera!, 
the ignitibility of gaseous mixtures, the tliermal conductivity aud 
the specific heat of the mixture can be regarded as of relatively 
little importance so far as the range of mixtures of methane and 
air under examination is concenie<l. Similarly, the voltage of 
the spark can be regarded as unaffected by change in the insulatiuj 
power of the mixtures, w^hich is, indeed, practically consUnt, (In 
this connexion, see Wright, T., 1917, 111 . 643.)’ There remain^i 
to be considered the ignition-temperatures of the mixture?, iw 
duration of the pre-flame period, and the initial speed oi 
propagation of flame in them, and their thermal values, 

WTien these factors are considered in conjunction with the 
characteristics of the igniting-so\irce, which are "high iutensitv 
and exceedingly short duration," it will realised that th« 
relative ignition-temperature^:, in themselvee, of the mixtures ara 
not likely to determine whether one mixture rather than aiiothd 
is more easily ignitible by such a source. For it can be assumed 
that the temperature to which the gases in the path of anv o| 
the discharges reimesented by the " ignitiiig-currents ’’ in Fig, ] 
arc raised is far in excess of the ignition -temperature of any o| 
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the mixtures. The relative ignition-temperatures of mixtures of 
methane and air, when in contact with a heated surface, have been 
determined by Mason, whose work will be described in Fart II of 
this research. A curve constructed from his determinations is 
leproduced in Fig. 3 (Curve B) for comparison with the ‘'igniting- 
current’^ curve. The only relation between the two curves lies 
iD the increasing difficulty in the ignition of mixtures rich in 
[methane, or, to express the matter more signiScantly, poor in 
xygen, disclosed by both. Any influence that the ignition- 
yuperature of the mixtures may have on their ignition by the 
econdary discharge will therefore tend to cause the more ready 
gaition of mixtures containing an excess of oxygen. 

A curve (Curve G) showing the relative speeds of propagation 
)f flame ('uniform movement'’; in mixtures of methane and air 
jver the same range is reproduced in Fig. 3 (see T., 1917, lU, 
lOlI)- This curve is, with an important difference, which is 
referred to later, nearly the inverse of the " igniting-current” 
cun'e. The inference is that the intensity of the secondary dis- 
charge necc-ssary to cause the ignition of a given mixture 

necessary, that is to say, to ensure that flame shall travel away 
[rein the immediate vicinity of the discharge— is mainly dependent 
)n the initial speed with which flame can travel in that mixture. 

We know that there is combination of the gases in the path of 
I discharge which does not cause ^’ignition" of an inflammable 
Eidure. Close observation of the discharges produced in the 
tkhires of methane and air by currents slightly less than the 
i^'iiitingcurreuU ” disclosed the fact that such discharges were 
ffiompanied by minute tongues of flame, which shot out above 
d 1 below the epark-gap in the form of a V, with an inverted V 

ke it These tongues of flame were produced in all the 

mures of methane and air, but were more noticeable (because 
in mixtures near the limiU of inflammability, and most 
M’.cable (because of the superior luminosity of the llame) near 
b lii'per hmit. Moreover, with such mi.xtures the interval 
the "igniting-curreiit" arid one which produoe<l a dis- 
capable of forming these tongues of flame was greater than 
more readily ignitible mixtures. 

Tbe pa.s.-age of the discharge, though it may cause the com- 
JJtion of the gases in its immediate vicinity, is incapable of 
m the general ignition of a mixture unless the initial 
It gives to the s|>eed of propagation of llarne in the 
IS sufficient to carry the flame through a sufllcient volume 
cation of this statement. I may quote from a report 
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J J iTvnlosions in Mines Committee of the Home 
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to b“ ^mmunicated to the spherical shell of unburnt gas m 
Lnt ct with the sphere (the surface of which is S'l sq. mm.) „d 
S! a certain thickness of that shell to its ignitton-temperatore. 
It may fail to do so. I^t us suppose that the dj^eter of the 
heated sphere is doubled: the volume of gases fir^ is now eight 
ttoies as large whilst the surface is four times as large as before. 
By increasing the sise (or the intensity) ^ P““' 

is soon reached at which the combustion produced by the spark 
evolves enough heat to fire per se the adjacent gas-mixture -anit 
the flame i& propagated.” 

It will be understood, from these considerations, why the ease 
of ignition of an inflammable mixture by a momentary source of 
heat° such as the secondary discharge, is so dependent on the 
rapidity with which a sufficient volume of the mixture become^ 
ignited; that is to say, on the initial speed of propagation of flame 
in the mixture. This dependence, which will he 'howii in Part III 
of this research to obUin with inflammable gases other than 
methane, is not, however, complete. The mixtures of methane 
and air in which the initial speed of propagation of flame i; 
fastest contain between 9-5 and lO'O per cent, of methane, whilst 
the mixture most easily igiiitible by the secondary discharge lies 
within the range 8-2 and S'o per cent, methane, the majority of 
the determinations inclining towards a percentage of 8-3. 

The lower ignition-temperatures of mixtures of methane and air 
concaining an excess of oxygen will, as already staterl, cause them 
to be more readily ignited by an intense source of heat of short 
duration, and a simple explanation of the position of the range of 
mixtures most easily ignitible by the secondary discharge, an 
explanation which accounts also for the greatly increased difficulty 
there is in igniting bv such means mixtures rich in methane, h 
that the curve for relative ‘‘igniting-currents ” ia compounded of 
the relative ignition -temperature curve and the inverse of the 
curve relating composition of the mixtures with initial speed of 
propagation of flame therein. 
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Experimental. 

The determinations from which Curve A in Fig. 3 is constructed 


as follow : 



Relative 


Plelative 

Methane. 

“ Igni ting-current.” 

Methane, ^ “ 

Igniting-current 

Per cent. 

Amperes. 

Per cent. 

Amperes. 

5-85 

1-20 

8-60 

0-59 

6-00 

106 

885 

0-60 

6-26 

0-86 

915 

0-61 

6-3C 

0-79 

9-40 

0-62 

6-40 

0-78 

9-50 

0-63 

6-55 

0-71 

9-70 

0-64 

6*60 

0-70 

10-00 

0-68 

6-86 

0-67 

10-40 

0-74 

7-05 

0-63 

10-50 

0-79 

7'20 

0-62 

10-70 

0-80 

7-50 

0-61 

10-80 

0-89 

7-95 

0-69 

10-90 

0-98 

8-00 

0-59 

11-10 

M2 

820 

0-586 

11-60 

1-66 

The curve in 

Fig. 4 is constructed from 

the following 

4etenni nations : 




Methane. 

Width of gap. 

Methane. 

Width of gap. 

Per cent. 

Mm. 

Per cent. 

Mm. 

6*20 

2-94 

8-90 

1-09 

6-60 

1-95 

9-45 

M3 

6*96 

1-39 

9-90 

1-23 

7-40 

1-22 

10-50 

1-42 

8-05 

1-10 

11-05 

1 98 

8-30 

1-08 

11-35 

2-75 

8-50 

1-08 

11-40 

3-02 

For carrying out 

manv of the lalwrious series of 

determinations 

entered necessary 

by the fruitless 

search for 

“ steps,” I am 


to my wife; for the numerous gas analyses required, Mr. 
f, MasoD i? responsible. 


lOMz OrncB Experimental Station, 

R^xmrals, Cumberland. {Received, June 8iA, 1920 ] 


^\i—The Couipositiofi of A}tat’nt Eo^itrm Bronzes. 

By Masumt Chikasiiice. 

the varioua examples of ancient Japanese and Chinese art, 
bronzes are moat suitable for the purpose of e.xaminiiiij the 
of an dent metallurgical methods. They resist the corrosive 
of time much better than do other common allovs or metals 

mm2 
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and preserve the features of ancient art correctly. Brass articles 
are not so antique as bronze. They date from about the tenth 
century, that is, the beginning of the Sung dynasty. 

As excavated objects are always covered with rust, it has been 
the custom to remove this before analysis. Since, however, the con- 
stituents of an alloy, which is simply a mixture, would retain their 
individual properties, the rate of rusting must differ in the case 
of each metal. In bronze, a selective corrosion takes place in the 
order: lead, copper, and tin. The metallic proportions in the rust 
will differ from those in the original alloy, becoming much enriched 
with copper. Montelius, in his '' Chronologie der altesten Bronze- 
zeit,^^ 1900, p. 151, gives the following analysis of two similar 
Egyptian rings : 

Copper . ... 79'51 16*23 

Tin 9-65 75-66 

The first ring seems not to have undergone much change, but 
the second must have lost most of its copper by oxidation. It is 
obvious, therefore, that it is not correct to remove the rust and to 
submit what remains only to analysis. 

The author’s method of analysis is therefore to remove earthy 
matter from a rusted article and to analyse rust and metal t<^ether. 
This gives, of course, too low a percentage for the metallic coa- 
stituents, which should therefore be recalculated for 100. 

Even this method becomes objectionable in a case where the 
composition of the rust has undergone change by a partial solutioa 
or disintegration before analysis. This is due, not to an incorrect 
method, but to lack of the right samples. 

Mirrors, 

The ancient bronze mirrors may be divided into four classes, 
namely, white, pale yellow, deep yellow, and red, according to their 
surface colours. These differences in colour are due to the amount 
of tin becoming less and less, and corresponding exactly with tb 
chronological period in which the minors were made. In the md 
recent times, zinc is employed instead of tin, giving rise to thf 
use of brass mirrors. The mirrors belonging to the white and pa]^ 
yellow class were effective without further alloy, but those belonging 
to the other classes, together with the brass, had necessarily to be 
alloyed with mercury before use. Brass as well as bronze objects 
with less tin are, however, more easily cast, and they were rapidlv 
adopted, probably with the invention of amalgamation, in the East. 

The following is a summary of analyses of bronze mirrors differ- 
ing in ages and compositions : 
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As may be seen from the table, the white bronze was made from 
the first century, and probably from much earlier times, down to 
the seventh century. It contains, on the average, 67 per cent, of 
copper, 27 per cent, of tin, and 6 per cent, of lead as its principal 
coDstitueuts, the average ratio of copper to tin being 71:29; the 
alloy corresponds, therefore, with the e-phase in the copper-tin 
diac^ram, which is a solid solution of tin in copper, and known as 
specular metal. The presence of lead is not to be regarded as 
useless; it reacts with neither copper nor tin, but lies between the 
grannies of the solid solution, acting as a cement. The author 
was able to make a very good bronze mirror with these constituents. 
Without lead, the productfis too brittle to be polished. Too slo^ 
cooling must, naturally, be avoided, in order to prevent separation 
of the lead. The ancients were clever enough to take advantage 
of the great hardness of the white bronze; the figures on the bai 
of snch mirrors usually consist of very fine, but deeply cut, lines 
which have resisted wear for two or three thousand yearn. 

However bright the white hronze mirror may be, its reflective 
power is not so great as that of a silver mirror, absorption of the 
light taking place very much in the blue. A determination with 
the author’s imitation metallic mirror gave the following figures: 
blue 40 per cent., yellow .50 per cent., and red 60 per cent. The 
objects reflected therefore seem much redder than they are in; 
reality. 


Weapons. 

As weapons must be both hard and tough, the white bronze 
cannot he used for their manufacture, and that the bronze with 
10—20 per cent, of tin suits best seems a fact well known to the 
ancients. They knew, too, that in order to make the casting, 
easier, some antimony conid be added without any of the hardne« 
being lost. 

Two samples of arrow-heads of the TTan dynasty were analyse 
with the following results : 



r. 

TI. 

Copper 

74-47 

73-12 

Tin . 

10*82 

16*15 

Antimony 

S*00 

8*69 

Nickel 

3‘fi8 

2-04 

Iron 

3-03 

trace 

Arsenic 

trace 

trace 


Since antimony dissolves in copper as well as in tin, the abov 
samples might be thought to be similar to one composed of 85 
cent, of copper and 15 per cent, of tin, ignoring the other sma 
admixtures, but the alloys with the above oompoeitions ha^ 
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quitd different structntea, as is seen from those of the arrow-heads 
shown in Figs. 6 and 7. An ingot with the same composition as 
the arrow-head, No. 1, was prepared and quenched at 680^ after 
half an hour's heating. Its structure was changed from the 
ardinary polygonal (Fig, 8) to the fine acicular (Fig. 9), which is 
quite similar to that of the arrow-head. The hardn^s of the 
bronze with 10 per cent, of tin is only 12 on Shore's scale, whilst 
that of the arrow-head, No. 1, is 15 — 17. The author's imitation 
samplo was also 10 — 12 before quenching, but after quenching it 
had risen to 15. The ancients had probably no intention of 
quenching; they arrived at such a result unexpectedly by way of 
moulding, 

A Japanese arrow-head excavated in the Province of Tango has 
the composition (I), and must certainly have been less sharp than 


I. ir. 

Copper 96-48 9028 

Tin 2-46 3-20 

Lead 0*58 0-28 

Arsenic 0-50 0 03 

Iron 5-60 


described above. The age is not certain, but a bronze coin, 
Wado Kaiho," made in the seventh century, has almost the same 
)in position (II). They might perhaps have some relation to each 
[her. 

Swords and halberds excavated in Japan and China were 
uilysed, with the following results: 


Cop- Anti- Ar- 

Samples. per. Tin. mony, aenic. Xiokel, Iron. Lead. Copper ; Tin. 

iTord; Shan- 73-34 19-84 3-80 0*55 2-47 — — 78 ; 22 

fjna, China. 

Irord: Shan- 69-31 12-55 2-30 301 3*52 1-37 7-92 84 : 16 

tan?, China. 

fcd:Shan- 73*35 17-48 trace — — 9*17 80 : 20 

China. 

Prov, 76-60 14-13 4*93 trace 2-93 0*09 1-32 84 16 

fhikuzen. 


Ilie proportions of copjier to tin are correct, but the large 
aaotinl of lead in some of them cannot be commended. 


J/itjtVa7 /fufrumcnt*. 

B«!l metal with a high percentage of tin is sonorous, but too 
The andenU were in the habit of using an alloy with 
less tin. An excavated Japanese bell, which dates from 
the eighth century a.p , has the composition (I) : 
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I. 

II. 

Copper 

68-96 

82-90 

Tin 

15-45 

9-93 

Lead 

5-63 

— 

Antimony 

8-32 

2-60 

Iron 

0-04 

1-38 

Nickel 

1-35 

0-79 

Arsenic 

trace. 

1-68 

Gold 

“ 

0-71 


Statues, 

A small gilded Buddhist statue of the Six Dynasties (third 
century) has the composition (II). 

Money, 

The ancient Chinese coins generally contain less tin with much 
lead, so that some of them can scarcely be called bronze. The 
following are the results of analyses made with a few kinds of 
Chinese money current at the time of the Spring and Auturan 
Annals," 722—481 b.c. : 


Coin. 

Cop- 

per, 

Tin. 

Lead. 

Anti- 

mony. 

Iron. 

Ar- 

senic. 

Nickel. Silver. 

Bell money... 

67-53 

16-52 

1084 

1-83 

— 

2-36 

0-92 — 

Knife money 

46-22 

9-25 

43-53 

— 

0-73 

— 

— 0-27 

3S-38 

1-66 

55-41 

— 

2-66 

0-60 

1-03 

,, ,, 

45-93 

2-12 

48-60 

— 

__ 

1-72 

1-63 


42-25 

2-12 

47-.32 

— 

— 

.3-28 

5-08 

M „ 

64-65 

6-76 

21-25 

- - 

0-41 

3-88 

3-04 

Spade money 

70-42 

9-92 

19-30 

— 

— 

— 

0-35 


Spoons, etc. 

Corean bronze, called Sahari," or sometimes ‘‘ Sonorous 
copper," usually occurs in the form of spoons, water-pots, etc. 
Very old spoons are usually covered with a velvet-black rust, but 
seldom with green carbonates. They sive, on analysis, the followini: 


numbers : 

Cop. ^ ^ Ar- 

pcf. Tin. Xickol. Zinn. genic. Iron. Load. 

Ancient spoon 7:^77 24-04 2-10 ^ _ 

New „ 77-19 21-62 -- 0-20 — — _ 

Ancient water pot ... 77-89 19-.35 — — 3-82 0-09 0-77 


The alloy is therefore similar to the pale yellow bronze mirror. 
It sometimes exhibits a very beautiful structure consisting of lar^e 
crystals, a and e. The alloy is strongly resistant against rustin? 
and is well suited for the purpose to which it is put by the Coreans* 

The author is much indebterl to his friends Mr. Fukuda, Mr, 
Matsuno, and Mr. TIarada for their kind help in most of the 
analyses given in this paper, 

Kio?', Jap Ay. 


'Rereived, February 20th, 1920.] 
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Rdium:\ its Production and Uses, 

A Lecture Delivered before the Chemical Society on 
June 17th, 1920. 

By John Cunningham McLennan. 

X 1868 Janssen (Cmript, rem!.^ 1868, 67 , 838) drew attention to 
he existence of certain lines hitherto unobserved in the solar 
pectniin, which, we now know are given by the element helium. 

'll the same year, Franklancl and Lockyer {Froc. Rop. Soc.} 1868, 
[7, 91), from their observ-ations on these spectral lines, were led 
0 announce the existence of an element in the sun which up to 
jiat time bad not been found on the earth. I'o this element they 
,ave the name helium. 

In 1882 the discovery was made by Palmim'i [Gdzzftta^ 1882, 12 , 
w6) that the helium spectrum could be obtained from rocks and 
lavas taken from Vesuvius, 

In the United Stat^ of America, nillebrand in 1890 {Jhill, 
r s. ijeol. Survey, 1890, Xo. 78, p. 43) succeeded in obtaining a 
uantity of gas from the mineral uraninite, which from chemical 
ud spectroscopic tests he concluded was nitrogen. This gas we 
Loff know was, in fact, helium. 

Fitiallv, in 1895, Sir Wiilinm Ram-ay (t7icm. .Vrir>, 1895, 71 , 
id) discovered that a ga.s could lie obtained from the mineral 
ThL gas he purified, and, on exainining its spectrum, he 
[oiiiid it to be the long-sought for element helium. From IS95 up 
[o ibe pre.-mt, invcstigaiion has shown ill at helium is widelv 
liliiiied throughout the earth. U can be obtaine<l from many 
Ivpcs of rooks, minerals, and eartlis, and it is jire.-ent in varying 
auiuits in practically all natural ga-cs and sp.fing waters. It is 
too in the atmosphere of tlie eartii to tb.e extent of about 
mr parts in one million by volume. 

The "ase.s from some spirings in France liave Ici-ii -liown to con- 
lin as imidi as 5 per cent:, of Indium, In the Westeni States of 
Linuioa, especially in Texas, natural ga.se- e\i.^t whi'di contain from 

1 ' to 2 per cent, of helium, lait within tlic British Kmpire no 
tural gases which have been examined show a helium content as 
ill as 0-5 per cent. 

Intil the spring of 1918, not more than 3 or 4 cubic metres of 
(iui had, in the aggregate, Ihmui collected, and its market price, 
udi variable, was about per cu'oic foot, 

•he I'riticipal characteristics of helium are; 

,1) its e.xtremo lightness, it is only twice a.i heavy a.s hvdrogem 
lightest element as yet isolate<l. 

M M* 



924 MOMWANrHEMW: ITS PBOD^cnoKAlfD USES. 

1 , 1 4 ;nr.rt,ness AU attempts to effect combiiiatioTis 

f tht rare ga.aes, neon, nign*- “ 

of Kelium and Uic lare g , 

weU, with other dementa ha™ aa . 

(3) Its at a temperature below that of liquid 

^oualouno, Jto evaporate in a va<«un., 

hydrogen. .Mcrdam, 1915, 18, 493) has 

in reaching a temperature within 1= or 20 of the absolute 


(4) Its low rparkmg potential Elcetr.c d.s^arges can be parsed 
thr IhheliJ more easily than through m^t other g^. 

N^acment has had a more romantic history than helium and 
none is of greater interest to men of science than is this at the 
p^nt toe. Its formation as a disintegration pr^not of the 
radioactive elements, and the identity of the nuclei of helium atoms 
with a ravs mve it a unique position among the elements. 

toense interest h,as been aroused by Sir Ernest Rutherfords 
recent discoverv that in the nuclei oi helium atoms in the km 
of o-ravs we ha've a powerful and effective agent for disintegrating 
and simplifving the nuclei of atoms generally. This discovery 
points the wav' to still further progress. In the past, helium has 
Ln considered a rare and precious gas. To-day it is being pro- 
duced in large quantities, and in view of the proposal now being 
put forward to u?e this gas in place of hydrogen as a filling for 
airship?, one is apt to consider it to be not so precious as hereto- 
fore. It may be^ however, that such vast and vitally important 
direction': will suddenlv be opened up in which helium can !)? 


utilised that the consen’ation of the ga.y, while it is still available 
to us, will become a matter of the first importance. 

Shortly after the commencement of the war in 1914, it became 
evident that if helium were available in sufficient quantities to 
replace hydrogen in naval and military airshijxs. losses in life and 
equipment would be. very greatly lesseiieil. 

The fact that helium is both non-inllammable, non-explosive 
and possesses per cent, of the lifting power of hydrogen, nuke 
it a most suitable filling for airship envelopes. By the use of 
helium, the engine.? of air'hips can be [ilaced within the envelope 
if desired. A further advantage possessed hv helium over 
hydrogen is that the buoyancy may l)e increased or decreased at 
will by heating and cooling the gas hy electric or other mean?, 
which fact may po?«ibly lead to considerable modifications in the 
technique of airship manmuvring ami navigation. Moreover, the 
loss of gas from diffusion through the etivclof)e is less with helium 
than with hydrogen te the extent of alwut .W pr cent. 
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there are indications that proposals had been put ior- 
vvard during the war by men of science in allied and enemy 
countries, as well as in the British Empire, regarding the develop- 
ment of supplies of helium for aeronautical piu-poses, it should be 
stated that the movement that led up to the investigation which 
it was my privilege to undertake was initiated by Sir Richard 
Threlfall. The existence in America of supplies of natural gas 
containing helium in varying amounts was known to him and 
others, and preliminary calculations as to the cost of production, 
transportation, etc., which he made led him to believe that there 
^as substantial ground for thinking that helium could be obtained 
•ji large quantities at a cost which would not be prohibitive. 

His proposals were laid before the Board of Invention and 
t^esearch of the British Admiralty, and in the autumn of 1915 the 
athor was asked by that Board to determine the helium cont^t 
,f the supplies of natural gas in Canada, and later on of those 
vithiiL the Empire, to carry out a series of experiments on a semi- 
commercial scale with the helium supplies which were available, 
ind also to work out all technical details in conDe.vion with the 
jjrodnction of helium in quantity, as well as those relating to the 
re-purification, on a large scale, of such su])j)lies as might be 
delivered and become contaminated with air in service. The 
t^rosent paper aims at giving a brief account of this invest igal ion. 

Composition of the. Batumi GfUfsi hweMipaie^. 

lu commencing the investigation, a -ur\'ey was made of all the 
lattiral ga^^es available in larger or smaller qtiaiitities within the 
iliEj.ire with a view to ascertain their helium ix)j!iteut. Natural 

t irom Ontario and Alberta, Canada, w'ere found to l'.e the 
_.>t in helium, and these sources, it was found, could sujqdy 
m 10,000.001) to IJ,0()0,000 cubic feet of helium per year. The 
briiiu' i? a nummary of the results obtained from the analyses 
1 niunher of the gases invest i gat e<l. Thev indiide, it will 
:d, a tew samples from outside the Enijdre. For a complete 
eouut of this part of the invotigation. the reader is ref erred to 
iiilelin No, 31 of the Mines Branch, Department of Mines, 
wada. 1920. 

i h\hi'iano bus'ir.f.- The analyris isiadc bv Vro\-. Kllis, Bain. 

lArdagli {lUport of IturrfW of .lAnr? -if 1914) of the 

tol jises .«upp]ied to the experimental station, i nit tally set 
atHiindton, Ontario (Blackheath s'v.steni), is as follows: 

Melhime SO i^er ront. 

Ethane TJ 

Nitir^ ^ 

M M* 2 
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Ifc was found, however, on operating with this gas that the per^ 
centage assigned to methane really included a considerable pro. 
portion of gasoline, pentane, and butane as well. The heliujQ 
content of the gas was found to be 0-34 per cent. 

(b) Alheria Gases , taken from the mains leading from the 
}3ow Island supply to Calgary was found to be quite free from the 
heavier hydrocarbons. At times it contained slight amounts o| 
water vapour and occasionally a trace of carbon dioxide as well, 
Its approximate composition is given under I. 

I. II. 


Helium 0-33 pt'r cent, 0-36 per cent. 

3Iethano 87*0 „ 91 -tl „ 

Ethane 0-9 „ 1-9 

Nitrogen 11-2 , 6-14 

Carbon dioxide trace trace 

Water vapo\ir trace trace 


One well in particular, namely, Xo. l!o Barnwell, which has recentlv 
been driven, and now supplies gas to the system, was found to havi 
a product of the composition II. 

(c) Xeir Bninsirirk Ga-^es- Some natural gases obtained from 
W'ells stnick near Moncton, Xew Brun.swick, Canada, were 
examined, and found to have the following composition: 



80 0 


T.*"* 

Carbon dioxidt' 

None 

Oxygen 

Nojio 

Nitrogen 

12'S 1 

Heliiuu 

0-004 


(d) ^ e>r Zealand serie.s of samples of the natura 

gases from the Kanmer. Kotuka. WeVr, Blairlogie, and Rotonr 
supplies in Xew Zealand were ['or warded l>v Mr. ,T. S. McLaurin 
Dominion Analyst ot Weliiiiglon. X’ew Zealand, for examination 
but were found to have an insiirnificant helium content, the riches: 
containing not more than 0-07: p^r cent. 

(e) Itnlhn /V.v^/.-.-A .ample of the natural gas broui:]it 

by pipe to the city ot Pi.'a, in Daly, was examined, and found to 
have the following composition ; 


Methane 

Ethane 

Carbon dioxhto 

Nitrogen 

Oxygen 

Helium 


80 0 per cent. 
4*0 „ 

3*0 

119 .. 

fl-G .. 
None 


(ij .VweUanemis .Umhiset. \n aiuilvsis of the natural £a‘ 
supply from neathfieUI, S„3,bx. England, showed it to have i 
helium content of but 0 2! per cent. The gas from the Kim 
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Spring? Bath^ England, was found to contain O' 16 per cent, of 
and analyses of natural gases obtained from Trinidad and 
from showed their helium content to be negligible. An 
interesting observation was made in connexion with natural gases 
obtained from Pitt Meadows, Fraser River Valley, and Pender 
Island, in the Gulf of Georgia, British Columbia. Both these 
<ra.‘ 5 es were found to have a nitrogen content of more than 99 per 

cent. 

Preh m inari/ P xpt ri jtitn t s . 

3ooii after taking up the investigation, it was found, as men* 
lioned above, that large supplies of helium were available in the 
natural gns fields of Southern Alberta, and that a small supply 
could be obtained from a gas field situated alxiut twentyTive miles 
to the south-west of the city of HamiUoiu in Ontario, In 1917 
the Board of Invention and Research decided to endeavour to 
exploit these sources of supply, and operations were Wgun bv 
setting: np> as already stated, a small exj)eriinental riation near 
ritv of Hamilton. 

At. this .station, efforts were directed towarrls con'tnieting a 
machine which \vouhl efTiciently and economically separate out the 
jlifliimi from the other constituents present in the natural gas. 
The carrying out of thi> work e.vpeditiou.sly wa.s made possible 

.hroiurh the hearty co-operation of l/v\ir I.iqiiide Societe of Parb 
iml Toronto, who generously Imt, free of c(>'t. a Glaude oxygen 
■ohmm and the neces'.ary an.viliary lu^ucfviug ecjuipment for the 
iiivf^tigation. 

By making suitable additions to. and uH)(iI:'r‘ations in, this 
ovygpn reeti tying column, it was aa-ertained that the I'roldem of 
bKirating. on a commerrial tlie )u.]ium whioh was present 

ni this crude gas to the exlfiit of ^,n]v jx-r eenl. wa^ one 

apahle of satisfactory solution, Karjy in 191'^ it was found 

? 0 vihle to raise the perceiilage of lu Huiu in the gas to fi'O bv 

paring it through the special naUifviug robimn ouee (uilv, and a.s 

I be Lnis rthtaimsl in this way ef)r;s;ste<l of nitrogen and helium with 
lunail percentage of niethanr. jt xnte tloTcfore a <TCuiarative]v 
iimbmatter tn obtain Indium .f a Inrii degn-e ,.f tnintv. In one 
»ni,iilar of ex|i,.rlni,.,iX o„ this holio,,, of 

f' i'sr ('cut. purity was obUiincd. 




Ipr^r to oporato oil tli,. iiatuvd of tlio Ilow sv.t, 

.Ml sni .\n>crl.i, ,in pxjwimoiit.il .lotion was .'slaWisli’eyi 

1 ,1„. ij,,, 
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aCdiiired through the preliminary operations at Hamilton, rapid 
iess was made in developing a rectification and purifying 
^ 1 ^ tyMjsther with the requisite auxiliary equipment, which 
roureffioi^ntly and cheaply separate the helium from the natural 

^"ihe experimental station at Calgary consisted of a brick build- 
iav of moderate dimensions, a small brick hut, and a gaWaniaed 
iron balloon shed, located on the propertv of the Canadian Western 
Natural Gas, Light. Heat, and Power Company, m equipment 
in these buildings included that necessary to furnish an adequate 
upplv of gas, which consisted of the requisite piping, gate valves, 
^ valves etc a aasomet^r and two balloons, a 

rafcSdms, and tL rectifying column with its 
e.xpansiou engine, together with the ueoessary compressors and a 
complete gas-testing outfit. 


Development of the Keetlfieation Column. 


Jn proceedino- to develop an equipment for separating the helium 
from the other constituents of natural gas. three lines of attack 
appeared to be open, namely, (n) bv producing the ''efr-Seration 
n«C5=arv to linuefv all the ga=C 5 except the helium by the cold 
obtainable from the natural gas itself, (h) by using external 
refrigeration entirely, such as that obtainable with ammoma, 
carbon dioxide, liquid air. liquid nitro-en. etx;., and (c) by 


combi 111 ncf methods (rt') and 

The last method had been =ncces^fullv used for the production 
of helium bv the naval authorities of the United States in the 
Texas field, but from the information supplied it did not appear 
that this process could be considered to be an economical one. 

The preliminarv experiments at TTaniilton, Ontario, made it 
abiindautlv clear that method (n) was very promising and likelv 
to be both efficient and economical. Tt was therefore adopted^ Tt 
was evident from the start that to produce an effiment method the 
main difficult v to ovf^rcome would bo the securing of a proper 
balance between the lieat exchan^er^. the liqiiefier, the vaporisers, 
and the rectification portions of the machine. A machine wa' 
therefore desiimed, constnicted. and suppliefl with piping which 
possessed erreat flexibility, and, in its general scheme, followed the 
lines of the Claude oxv^en-producina column.^ Tt is unnecessary 
to go into details regarding the operation of this machine. It wil 
suffice to say that it was tested under a variety of conditions. 
Motes were taken of the temperatures reached at different jioints 
in the machine under equilibrium conditions when the gas wa- 
])as3ed through it in various ways. As a result of this procedure, 





r<i 
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it was soon found what parts of the machine could b© eliminated 
and what parts could be modified with advantage. When those 
changes were made which seemed desirable in the light of the 
experience gained, it was found that a machine had been evolved 
which would give highly satisfactory results. 

A sket^ of the experimental machine as it was finally com 
structed is shown in Plate I. With this machine, the process of 
separating the helium consisted of two operations. In the first the 
compressed gas was passed through the heat exchangers, thence 
through^e liquefier and the expansion engine to the bottom of 
the coluiin at A. The uncondensed gas passed up throut^h the 
first vaporiser, then through the valve, No. 12, to Whit was 
still uncondensccl passed out through valve No. 18 to the bottom of 
the rectification column B and up over the third vaporiser, where 
more of the gas was condensed, and the final product, containing 
from 5 to 6 per cent, of helium, was drawn off. The liquid from 
A was passed through the valve C to the fourth vaporiser, from 
which it would overflow into the second vajioriser. The condensed 
liquid from B could be passed through /J to the fourth vaporiser 
or through valve No. 7 to the third vaporiser. Some of the cool- 
ing liquid m the second vaporiser could also loe passed through 
valve No. 6 to the third vaporiser when desired. In the second 
operation, the first product, conUiiiing 5 per cent, of helium, the 
remainder being principally nitrogen with a small perceutaae of 
methane, was compressed by a small compression pump to from 
20 to 30 atmospheres, and passed through the third and fourth 
hoat exchangers to the fourth vaporiser. Here some of it was 
condensed by the liquid methane produced in the first operation 
and this condensed liquid flowed into the collecting bottle, k’ 
The uncondensed gas still at 20 to 30 atmospheres passed «hown 
m the sketch, into the fifth vaporiser, where almost all the nitrogen 
m condensed, and the final product was drawn through valve 
N’o. 15. The fifth vaporiser, it will be seen, was supplied with 
tte liquid drawn from the bottle, A'. It could also be supplied, 
ifacsired, by liquid from the fourth vaporiser through the valve 
- 0 , 10. The level of the bottle was so arranged that there would 
be about 3 or 4 inches of liquid at the bottom before it showed 
on the gauga By keeping the liquid just showing iu the ^^auge 
p^ible to prevent the gas from being drawn off with the 
¥u. In order to keep the temperature in the fifth vaporiser 
low a, possible, the gas from the evaporating liquid in it was 
off through the third and fourth heat exchangers by means 
a powerful vacuum pump. 

operating with this machine, it was found that helium of 
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87 to 90 per cent, purity could be regularly and continuously 
produced. 

Operations. 

The experimental machine just described was used continuously 
for a series of trial runs from December 1st, 1919, to April 17th, 
1920. The object of carrying out these trials was to gain as much 
knowledge as possible of the best running conditions. In the 


H£LfUM RUNS AT CALGARY 



Pjn 


course of the four mouths' operations, numerous small modilicatioiu 
were made in the aiiparatus. I.osfes due to leaks were stopped 
and valve regulation was greatly improveel. As a result, of the 
operations, a steady increase was made in the output of helium oi 
high purity. 

The trials were made in successive runs, as it was necessary to 
shut down at intervals to refill the desiccators with sodium 
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la making a run, about 500,000 cubic feet were passed through 
the machine, and from this amount upwards of 20,000 cubic feet 
of the gas, containing 5 to 6 per cent, of helium, was obtained. 

this low-grade product was made it was stored in a large 
balloon, and the residual gas was passed back into the mains for 
use in the city of Calgary. The 5 to 6 per cent, product was com- 
pressed to from 20 to 30 atmospheres, and then passed through 
the fourth and fifth vaporisers, as described above, The amount 
of final product, of 87 to 90 per cent, purity, obtained in each run 
rose steadily in the course of the operations from about 300 cubic 
jVot to more than 700 cubic feet per run. From this it will be 
;oeii that the efficiency obtained wdth each of the two operations 
was about 67 per cent. In special runs made under exceptionally 
(rood condition^, a still higher efficiency was obtained. One of the 
ourvcs given in Fig. 1 .shows that the purity of the high-grade 
filial product was steadily maintained in the series of runs, and the 
otlior curv^e exhibits the steady increase made in the production 
of helium of high-grade purity. 

High- grad e Pa rif ration. 

When it was seen that the highe-t purity obtainable with the 
experimental machine under actual running conditions was about 
On per cent., ste])^-’ were taken to de.sign and construct an auxiliary 
pifce of apparatus for raising .the purity of the gas up to 99 per 
cent, or higher. This apparatus is shown in Plate II. d and F 
were two receptacles which could he kept partlv filled with liquid 
air or liquid nitrogen. In operating this pietfe of apparatus, a 
liidi vacuum was maintained in .1 , but the liquid in F was allowed 
10 evaporate at atinn.<ipheric pro-sure. It was arranged that the 
i:3n's from Vioth receptacles could be con -served bv collecting them 
iii a sjasonicter, and so rendering them available for use over and 
rivrr again in closed evde bp- the an.xiliary liquid air or liquid 
btroi'cn in-achine. In order to obtain a pro<luct of verv high 
j'iiritv with this apparatus, the gas cuntaining 87 to 90 per cent. 
0! l:dium was compres-'cd to 100 atmospheres. It entered the 
aripuatii.-; at t7, passed through the heat -exchanging coils in B, 
tb'ii/'c through a second heat excli anger in P, where it was cooled 
i^irther hv the vapour from the liquid in C. From this it 
through a coil immer.sed in the liqiietled gas in F, and 
tlieace into the rectification colmnm ft. Thence it passed up 
iWijh a S4‘t of tubes in ,4, where its temperature could W lowered 
appre.ximately - 200*^ h.y the surrounding HipuM and vapour, 
‘b 'hown in the diagram, the pu rilled ga.s passe<i out through a 
valve, L\ and thence through the exchanger, B, to 



Plate II. 
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a, gasometer, where it could be stored prior to being compressed 
into cylinders. All gases which were condensed in the tubes in 
■1 or in the column D could be run off at ZT. As the pressure of 
nitrogen is less than half an atmosphere at ~ 200°, it was estimated 
that, by maintaining the gas containing 87 — 90 per cent, of 
jiglium at 100 atmospheres in the whole apparatus, the final pro- 
(juct must necessarily have a purity of more than 99 per cent. As 
the apparatus was designed, it will be seen that it could be used, 
not only for obtaining a product of high purity at the works, but 
jls .0 for purifying helium which became contaminated with air by 
in balloons in service. Through numerous delays experienced 
ja obtaining delivery of tubing, liquefying equipment, etc., this 
purifying apparatus has not been given any more than a pre- 
iiiuinary trial. From this, however, it is quite evident that it will 
irove satisfactory in operation. For the purpose of carrying out 
•his scheme of high-grade purification, a liquid-air plant was 
installed by the University of Toronto. Afotors and an electric 
,’urrent supply were furnished by the Hydro Electric Commission 
oi Ontario, and a special financial grant was made by the Honorary 
Advisory Council for Scientific and Industrial Research of Canada 
*0 suplderaent that made by the Admiralty and the Air Board of 
Great Britain. 

Fituil Dfdyn of lhlhim-txiract\n<j Aj)j)araius. 

From the foregoing it will Vk* seen that every step in the pro- 
duction of high-grade helium has been carefully examined and 
From the e.^perience gained, we haved>een able to draw 
HP rperifications for a commercial ))lant which \vill enable one to 
[Teat the whole of the natural ga.s of the Bow Island supply in 
Ai’^rta, The unit proposed will deal with al^out IGOO cubic 
i-ires or 56,500 cubic feet of gas per hour at normal pressure and 
a:r;:((Tature, At the altitude of ( ^llL^arv, this would l)e equivalent 
[a -i.'.-MO cubic feet per hour. The machine would easily cope 
''O.OOO ctibic fwt per hour or llOi) cubic feet per minute. 
::hre machines, six would deal with tfijOO.OOO cubic feet of ga.® 
tr day. and would thus take a!iout the average daily supply 
ui'rf ic from the field, as baswl on re^Ttrds of the average yearly 
saanipiion, In order to have snlTicient machines to operate 
rjs'^arlv to ca]>acitv, it would probably l>e advisable to have eight 
(Xilnmns included in the plant. 

Tlif cot of a commercial plant suitable for treating the whole 
supply of the All^erta field would probably l)e lee.s than 
ife.'!) amount of helium of upwards of 97 per cent, 

obtainable per year from the field would bo about 10,500,000 
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cubic feet. This is based on the assumption of an efficiency of 
80 per cent., which experience has shown is obtainable. As to 
operating costs, our experience has shown that, allowing for interest 
on the investment, a ten yeai*s’ amortisation, salaries, supplies, and 
running charges, helium can be produced at the Alberta field for 
considerably less than £10 per 1000 cubic feet. This sum does 
not, of course, include the cost of purchasing cylinders or of trans- 
porting them from and to the works. Neither does it include 
any compensation to the owners of the field for the supply of gas. 
The column as fiiiallv designed for the production of helium of 
approximately 97 per cent, purity is shown in Plate III. It is 
not drawn to scale, but it conforms on general lines to the standard 
oxvgenen-nitrogen machines of L’Air Liquide Societe. It consists of ; 

I. Two exchangers of temperature, one of which, Q, is shown, 
the two being so arranijed that the flow ot gas through them can 
be reversed, as is the present. ]U’actice in the oxygen and nitrogen 
machines. The high-pressure gas is in the outer casing, and the 
return low-pressure gas in the small tubes; the heads are provided 
with three sections, so that the low temperature of the outgoing 
gases can be utilised, 

II. A liquefier, /ih This is the same a>-‘ the liquefier in the 
standard machines, but it has only one of the returning gases 
flowing through it. 

III. An expansion engine, S. Tliis engine is of the standard 
type used in the oxygen and nitrcgoii machines. 

IV. A first vaporiser and jmt, T. This vaporiser, with pot 
for collecting liquid, is the same as on the standard nitrogen 
column . 

V. A second vaporiser and pot. IT, T. Thi> vaporiser, with the 
pot, is similar to the second vaporiser now used on the standard 
nitrogen columns, It should he about one-third the size of the 
first vap'^riser, r. 

VI. A rectification column. .V This column should stand a 
pressure of 10 atrno'^pheres and Imve a collecting basin at the 
lx)ttom. Its diameter should I'e about three-eights of that of the 
vaporisers f or Tl . It- length should not exceed 2 feet. 

VII. A vaporiser, F. The diameter of this vaporiser is the 
same as that of the rectification rolutnn. .V. and its length should 
not exceed 2 feet. On this va}K>riser, a partial vacuum i‘ 
maintained. 

VIII Two "^collecting bottles, Z.. 

IX. Two exchangers of temperatures, one of which, 7, is shown. 
These are ?imilar to (>, ami should he reversible, but their capacity 
is only 6 per cent, of Q. 
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X. A vaporiser, 11. This vaporiser should be of the same size 
as f, and the high-pressure side of it should stand a pressure of 
50 atmospheres. 

XI. A rectification column, III. This column should stand a 
pressure of 50 atmospheres, and should be about half the diameter 
of . the column X and about 3 feet long. 

XII. A vaporiser, IV. This should be similar to vaporiser II, 
but only half the diameter; on this vaporiser a partial vacuum 
is maintained. 

XII I. The control valves are designated by letters from A to 
A', fourteen In all 

XIV. The outlets are designated by P^^ etc,, eleven in all. 

XV. The gauges are de.signated by the numbers in parenthesis, 
thus, (1), (2), etc., eleven in all 

XVI. The levels for showing the depth of liquid are designated 
by Zij, La, etc., seven in all 

XVII. The method of connecting up i.s shown in the figure. 

The method of using the column is as follows. 

The First Process . — (u) The corapresse<l gas enters the 
exchangers, Q, through valve .1, and, after passing out of the 
exchanger at the top. some of it goes through the liquefier, R, and 
the rest of it through the expansion engine, S, to the first pot, T. 
Ill T the pressure is about 4 atmospheres, and most of the gas is 
liquefied in the condenser, P. The uncondensed part passes 
through the valve // into V, where more of it is liquefied in the 
coiidenser, II. The still unconden.==ed gas flows through valve 1 
to tile bottom of the rectification column. X ; it passes up through 
the eoluinn, tlirough the condenser 1, where more of it is liquefied, 
ami the rest, which now contains about 5 per cent of helium, 
passes through valve K, where the pressure is reduced to nearly 
umospheric, ami it pas,^es through the inner section of the 
-vchanger to a gasometer, 

[h] The liquid that collects in the pots T and 1' is drained into 
he liottles and which are made fairly long, and the bottom 
iinlis of the levels are al>out G inches from the bottom, so that it 
.i ])ossibl 0 always to keep liquid in the bottom of the bottles and 
prevent any luicondensed gas e.=caping. The liquids from the 
hot ties and Z, are passed through the valves I) and E, 

^•pedively, into the vaporiser. //: in addition, the liquid from 
I fan also be run into the vaporiser, Y, through valve F. The 
•i'piiil in the vaporiser // overtlows into the vaporiser II', and it 
C'Vfrtlows from IT into the lir.-t vaporiser, V. Some of the liquid 
a the vaporiser II can be pas.«ed through the valve into 7. 
that condenses in }' flows down through the rectification 
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trays in X, and is passed through the valve J into the 

vaporiser ]V. . i i • 

(c) The gases from the evaporating liquids m the vaporisers 

f/ and ir pass directly back to the liquefier, R, and from the 
liquefier to the exchanger, Q, as shown in the diagram. The gas 
evaporated in vaporiser 11 flows with the liquid down into 
vaporiser lb. The gas evaporating under vacuum m vaporiser Y 
passes out through the exchanger, Q, to the vacuum pump. 

The Second Process-— (d) The gas containing helium drawn oS 
in the first process through the valve K is re-compressed to 30 
atmospheres, and passes through the exchanger I to the top of 
the condenser 77; it flows down through 77, where part of it is 
liquefied, and the liquid and gas pass into the rectification trays, 
777, to the collector at the bottom, the gas passing up through 
the column to the condenser 7r, where the rest of the nitrogen 
is condensed, and the product, containing about 97 per cent, of 
helium, is drawn oil through the \al\e -17. 

Xntes 071 Speruil 

The vaporiser T is the coldest part of the machine in the first 
process, oudng to the liquid boiling under a jiartial vacuum. The 
liquid produced in the condenser runs down through the rectifi- 
cation trays in A”, and the uncondensed gas from 11 passes up 
through it. Any helium and most of the nitrogen in the liquid 
will be recovered, and a large part of the methane in the gas will 
be condensed. Thus the product drawn ofT through K will contain 
very little methane. 

In the second jirocess, the gas containing 5 per cent, of helium 
under about 30 atmospheres pressure Hows from the top to the 
bottom of the vaporiser II. This vaporiser is filled with the 
liquid produced in the first process, and is at the temperature of 
liquid methane ( -163^). At this temperature, nitrogen condenses 
at about 12 atmospheres, and much of it is condensed. The liquid 
and gas both flow over a few trays, and the helium dissolved in 
the liquid would be recovered. The uncoudeiised gas flows up 
through the trays, and is cooled and partly condensed by the cold 
liquid from I \ . The liquid is gradually wanned, and thus any 
helium in it will be recovered. 

Mh$cellafiefm.<! In v e at i (Ration a . 

In the course of the investigation on the development of a 
machine for extracting helium from natural gas, supplies of hebum 
of varying degrees of purity became available. These were highly 
purified, and were used for the investigation of certain collateral 
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probleJiis which, demanded solution. Among the results obtained, 
it was found that for aeronautical purposes hydrogen could be 
mixed with helium to the extent of 15 per cent, without the 
mixture becoming inflammable or explosive in air. Mixtures con- 
taining even as much as 20 per cent, of hydrogen could be burnt 
or exploded only when treated in an exceptional manner. The 
permeability of rubbered balloon fabrics for helium was shown to 
be about 0-71 of its value for hydrogen. For skin-lined fabrics, 
the permeability to hydrogen and helium was about the same. 
Thin soap films were found to be about one hundred times more 
permeable to hydrogen and helium than rubbered balloon fabrics, 
but untreated cotton fabrics when wetted with distilled water 
were but feebly permeable to these gases, It was found that rapid 
estimations of the amount of helium in a gas mixture could be 
made with a pivoted silica balance, a Sbakspear katharoraeter, or 
i Jamin interferometer. 

The latent heats of methane and ethane have been determined, 
as has also the composition of the vapour and liquid phases of the 
ystem methane-nitrogen. It has also been shown that helium 
.‘oataining as much as 20 per cent, of air, oxygen, or nitroc^en can 
be highly purified in large quantities l)y simply passing it at 
;Iightly above atmospheric pressure through a few tubes of cocoa- 
nut charcoal kept at the temperature of liquid air. In the spectra 
icopy of the ultraviolet, helium has been found to be exception- 
ally usefvil. Arcs in helium between tungsten terminals can be 
fadly established and maintained. In a particular investigation 
rith a vacuum grating spectrograph, it was found that by the use 
of arcs in helium under 30 cm, pressure, illumination could be 
isaintaiued continuously for hours, and with such arcs spectra 
easily be obtained extending to below 3000 A.U. 

Although it is known that free electrons can exist in highly 
Grided helium to an amount earily measurable, it was found that 
’ire helium under a pressure of more than SO atmospheres did 
ote.xhibit anything in the nature of metallic conduction. More- 
w. the mobilities of both positive and negative ions formed by 
ws in helium under tins high pres.^ure were found to have about 
cHbird the value expected on the baris of an inverse pressure 

‘The frilotrmg is n list of the papers which deal with the subjects 
: (1) Report on some sources of Helium in the Britwh Empire ” 

of Canada, 

r (X Estimation of tho Helium Content of Gases by the use of a 

iirometer (Murray, Trow. Hoy. Soo., Canada, 1919. 27). (3) “The 
the .Tamin Intorferomeler for tho Estimation of sraail amounte of 
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The Uses of Helium. 

The investigation into the problem of producing helium in large 
quantities wa^ originally undertaken with a view to the utilisation 
of the gas in aeronautical warfare. The investigation has shown 
that it can be producetl at a cost which is nob excessive, bubbt 
has also been shown that from the sources in the Empire which 
are known and have been examined, the supply of helium cannot 
be greater than about 12,000,000 cubic feet per year. This 
quantity clearly would be sufficient to keep only a very few of our 
airships of the larger type in commission, even if the gas were 
diluted to the extent of 15 per cent, with hydrogen. This amount 
would, however, suffice to keep a number oi the smaller aircratt 
supplied. Moreover, it might be used to fill fireproof compart 
ments adjacent to the engines if it were ever decided to instal 
these within the envelopes of our larger airships. 

Since it has been demonstrated that helium can be produced in 
quantity, one is led naturally to consider in what directions one 
can hope to use the gas other than that originally intended. In 
industry it may be used as a lilUng for thermionic amplifying 
valves of the ionisation type. It may also be used for filling 
tungsten incandescent filament lamps, especially for signalling 
purposes where rapid dimming is an e^^ential, and for producing 
gas arc lamps in which tungsten terminals are used, as in the 
“ Pointolit© type. Both of these varieties ot lamps pos.sess the 
defect, however, of soon becoming dull owing to the ease with which 
incandes^cent tungsten volatilises in lielium, and defiosits on the 
surface of the enclosing gla.ss bullis. As regards illumination, 
helium arc lamps possess an afl vantage over mercury arc lamps in 
that the radiation emitted has strong intensities in the re<l ainl 
yellow portion of the spectrum. 

Helium or Hydrogen in Air” (.McLL-nuiiu nad Klworthy, ibid, p. 19). 
4) “The Perm-ability Balloon Fabrics to Hydrogen and Helium” 
(Elworthy and Murray, p. 37). (5) “ Coiiipo^sititm oi tho Vapour and 

Liquid Phases of the System Methane-Nitrogen ” (MeTaggart and Edwards, 
ibid., p. 57). (6) “A Continuous Flow Apparatu.s for the Purification of 

Impure Helium Mixturo.s ” (Kdwartls ami Elworthy, ibid., p. 47). (7) On 

the Combustibility of Mixtures of Hydrogen and Helium” (Satterly and 
Burton Hid., p. 211). ( 8} “ On the Latent Heats of Methane and Ethane ” 

(Satterly and Patterson, thid., p. 123). (9) “On tho Mobilities of Iom in 

Helium at High Pressures” (McLemnan and Evans, ihitl., 1920), (10) ‘On 

the Permeability of Thin Fabrics and Filin.s to Hydrogen and Helium 
(McLennan and Shaver, ibid.). (11) “Spark Sp'otra of Various Elements 
in Helium in the e.'ctremo Ultra-violet ” (Mcl/.'nnan and Lewis, ibid). 
(12) “Arc Spectra in vacuo and Spark Si>ectra in Helium of Various 
Elements” (McLenran, Voung, and Ireton, f6id.). 
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B has bwn shown by Nutting {Electrician March 19121 that 

t':rS7.?tr2’ “ 

In spectroscopy especially for investigations in the ultra-violet 
regmn hehum .s mvaluablc. Doubtless its use in this fid ^ 
be rap.dly extended The use of the gas in physical laboratori^ 
generally and especially where certain investigalions on ttrprr 
per ICS of mat er are carried out, will also be greatly increLr' 
It hayecently been proposed to use helium in plL of ^lor 
surrounding the switches and circuit-breakers of bigh-tenln ele^ 
tno transmission hues If the gas should prove suitable for hi 
purpose large quanti les could be utilise!, but it has yet to 1 
omoustrated (and it is not clear that it can be) that in this fieW 
he mm possesses any advantage over the oils now used 
It has been suggested by Elibu Thomson and others that if 
divers were supplied with a mixture of oxygen and helium tb 
rate »f o'-pulsion of carbon dioxide from ’^0 lungs mighi hi 
irKToased. and the per bd of <;iiV.TnQT.rvr. ^ be 

»nsiderably lengthered ^ -nsequemus be 

It is probable, however, that in the field of low temperature 

rWi'm ranidlv nil h^'nim can l,e extracted 



A Cn/ofjfnir lahorafon/. 

'T''” i' •- ■» 
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originally liqnefi||d in 1898 by Sir James Dewar, enables us to 
reacb -252-8^. It is but a few years since Onnes, after prolonged 
effort, secured sufficient lieliunfi to enable him to liquefy this gas 
too. In a brilliantly conceived research, he succeeded in accom- 
plishing this feat in 1908, and in doing it reached a temperature 
within approximately 1° or 2° of the absolute zero. 

The amount of liquid helium which Onnes obtained in his inves- 
tigation was small, but it sufficed to enable him to show that a 
number of the elements possessed a remarkable “ super-conduc- 
tivity " at this low temperature. Mercury in particular, at the 
temperature of liquid helium, possessed an electrical conductivity 
ten million times greater than at ordinary room temperature, and 
currents started by induction in a coil of lead wire at the tem- 
perature of liquid helium maintained their intensity for more than 
an hour with but little diminution in magnitude. 

The results obtained by Onnes, although limited in number are 
of great importance, for they show that if liquid helium were 
rendered available in quantity, fundamental information of the 
greatest value on such problems as those connected with electrical 
and thermal conduction, with specific and atomic heats, with mao- 
netism and the magnetic properties of substances, with phosphor- 
escence, with the origin of radiation, and with atomic structure 
could be obtained. 

In spectroscopy, supplies of liquid helium would enable ns to 
extend our knowledge of the fine structure of spectral lines, and 
thereby enable us to obtain clearer ideas regarding the electronic 
orbits existing in the atoms of the simpler elements. This would 
lead naturally to clearer views on the subject of atomic structure 
generally. 

In other fields, too, important information could be obtained 
by the use of temperatures between that of liquid hydrogen and 
that of liquid helium. AVhat of radioactivity? Would this pro- 
perty be lost by uranium, thorium, radium, and other similar 
elements at temperatures attainable with liquid helium? Would 
all chemical action cease at these temperatures? Would photo- 
chemical action disappear completely? Would photoelectric action 
cease or be maintained at such low temperatures? 

In the fields of biological and botanical research, information 
on problems presring for solution could be gained also. For 
ex^ple, would all life in spores and bacteria be extinguished bv 
subjecting them to temperatures in the neighbourhood of absolute 
zero ? 

The list of problems rendered capable of attack by the use of 
.icnid helium might be easily extended; but those cited already 
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^\\ serve to show that the field is large, and th^t it is well worth 
while fer us to make a special effort to secure adequate financial 
support for the equipment and maintenance of a cryogenic 
laboratory within the Empire. 

It is probably beyond the ordinary resources of any university 
to equip and maintain such a laboratory ; but the project is one 
which merits national and probably imperial support. It should 
appeal to private beneficence as well, for it is a project deserving 
strong and sympathetic help. 

A properly equipped cryogenic laboratory fhould include: 

(1) A liquid-air plant of large capacity. 

(2) A liquid -hydrogen plant of moderate capacity. 

(3) A liquid-helium plant of small capacity. 

(4) Machine tools, cylinders, glass apparatus, measuring instru- 
merits, etc. 

Such an equipment won hi probably cost more than £10,000. 
por buildins: purposes, probably an additional £10,000 or 
£15.000 would be required. 

The staff should include one or two shilled glass blowcrs, two or 
three mechanics and instnimeut makers, and two or three helper? 
tor running the machiner 5 ^ To provide this staff and meet charges 
for Ii?ht. heat, and power, probably £3,000 a year at least would 
be needed. 

Tor an administrative and technical staff, probably £2,500 would 
be necessary. 

In addition to the above, special provision would have to be 
made to secure an adequate supply of helium. If industrial usee 
can be found for helium and a works were established in Alberta 
for the production of helium on a laree scale, the problem of 
?upp]y would l>e solved, for the amount of the ira? which would be 
required for low’-temperatnre research would probablv not l>e more 
than 20,000 or 30.000 cubic feet a vear. Tn default of a produce 
tion-works on a large scale being established, it wouM he neccs- 
ir}' to instal a small plant at Calgan’ for the specific purpose of 
ipplving the ciy-ogenic laboratoiy with helium. This could eaailv 
e done at the present time, as the experimental plant is still 
1 situ. It would require from £3.0tX) to £4.000 to make tie 
in the plant which exj-terience has shown are necwsarv 
nd to provide the additional auxiliary machinerv. tools, etc., 
squired. 

II this plant were run for three or four months each year, an 
^equate supply of helium could be obUined, The expense of 
iiDnmg the plant under these conditions would be high, and it 
^ probably be found that it would require frwn £2,000 to 
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£3 000 to operate it for a period of three or four months each 
year This amount would, of course, have to cover charges for 
Llary of staff, compensation to the owners of the natural gas, 
light, power, miscellaneous supplies, freight charges on cylinders, 

From the above it will be seen that a scheme such as that 
outlined would require in the aggregate a capital expenditure of 
about £30,000 for buildings and plant, and the interest on an 
endowment of about £125.000 for operating and maintaining 
the cryogenic laboratory together with the supply station. 

If a cryogenic laboratory, with its auxiliary supply station, 
were established along the lines indicated, it would probably be 
found to be more economical to nin the supply station continu- 
ously for a number of years, and to store for future use the helium 
accumulated. In this connexion it should be stated that the 
experimental ])lant as it exi'^ts would probably not produce more 
than 100,000 cubic feet of helium per year. The plant could, 
however, be easily manifolded, and the Governments of Great 
Britain and Canada might, from the point of view of national 
safety, legitimately be asked to assume responsibility for 
operating it. 

Much of our knowledge acquired in the field of low tempera- 
ture research we owe«to the linlliant work of .such distinguished 
men as Andrews, Davy, Faraday, and Dewar. The discovery of 
the rare <^ases, helium, neon, argon, krypton, and xenon, we ove to 
Rayleigh, Ramsay, and Dewar. How could we more fittingly per- 
petuate the work of these great men than by establishing on a 
permanent basis a cryogenic laboratory tor the purpose of making 
still further progress in the field of low -temperature research—a 
field in which British scientists have made such brilliant and 
notable advances? 

In conclusion, it should be stated that whilst the investigation 
just described was financed by the British Admiralty, and in its 
later stages by the British Air Ministry, valuable assistance was 
given by L’Air Liquide Societe of Paris and Toronto, by the 
Canadian Pacific Railway Co. of Canada, by the Hydro-Blectric 
Commission of Ontario, and by the University of Toronto. In 
carrying out the collateral investigations, valuable help was given 
by Professors E. F. Burton. J. Satterly, IT. F. Dawes, and H. A. 
McTaggart, To Mr. J. Patterson, M.A., w*hose seHidces were lent 
by the Director of the Meteorological Office of Canada, much 
credit is due for working out details of design and construction 
in connexion with the production of the rectifying column. Men- 
tion should also be made of the creditable manner in which the 
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plant was handled during the trial runs made between 
peceJuber 1st, 1919, and April 17th, 1920, by Mr. R. J. Lang, 
{assisted by Mr. D. S, Ainslie and Mr. H. R. Foreman. 


APPENDIX A. 

})eterr/iifi^ti&}is of Helium Content of Natural Gases. 

in determining the helium content of a “ample of natural gas, 
the following procedure was adopted, and the apparatus used is 
shown in Fig. 2. 

{ is a riass bottle in which the gas was brought from the field. 
The gas was forced from .1 into the glass tube /f, where it collected 



W wat«r displacement. The capacity of It w'a.s a- 1 jus ted to W 
1-QO c.c. under ordinary conditions o! UMiiperature and pressure. 
Tile gas was introduced into the apparatus in units of this volume. 
Belore commencing the ana!v>is the tdianxial tiiUvN were strongly 
by electric lieaters to about 3<Xi-' to exjxd absorK'd gases, 
whole of the apparatus to the richt of the tap was care- 
^lly exhausted. All the taps w'ere then turne<i off. The charcoal 
^cooling absorbed the remainder of the m apparatus, and a 
K^’racuum resulted, 
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On turning the taps J) and tJie gas flawed from ^ through 
a drying tube E containing calcium chloride into the condenser 
of a4>ut 400 c.c. capacity, which was immersed in liquid air kept 
in a Dewar’s tube. Condensation of the hydrocarbons occurred at 
once, the liquid air boiling off rapidly. Comparison of ^e mano- 
meter G with the barometer J gave the pressure of the uncon- 
densed gases in F plus the vapour pressure of the condensed gases. 

Usually B was filled and emptied five times in quick suooesaion, 
so that the first charge iu F was 6000 c.c. of natural, gas. After 
some minutes when the liquid air had ceased from boiling and the 
manometer was at rest the pressure in F was read. Subtracting 
from this reading the vapour pressure of methane at the tempera- 
ture of liquid air, we get the pressure of the uncondenaable gases 
in F, and knowung the volume of F it is an easy matter to find 
approximately the percentage of uncondensable gases in the sample 
of natural gas. This analysis, rough though it was, gave useful 
information as to the suitability of the natural gas for the 
manufacture of helium on a large scale. 

Meanwhile, the tube L, of about 300 c.c. capacity, which was 
full of finely broken cocoanut charcoal, had been immersed in 
liquid air. 

The tap E was then opened and the uncondensed gas shared 
between F and L. The mercury in the gauge rose quickly, and the 
liquid air surrounding L boiled vigorously, indicating a rapid 
evolution of heat when the gases are absorbed by charcoal. This 
was especially noticeable the first time the charcoal was used after 
being heated. When the gauges were nearly at the same level, K 
was closed, and the remainder of the uncondensed gas in F trans- 
ferred to L by means of the large mercury pump M. This pump 
was simply a long wide tube with a two-way tap at the top and a 
flexible tube and mercury reservoir at the bottom. It was very 
efficient, and after about five strokes practically all the gas had 
been transferred to X, the pressure in F falling to about 3 or 
4 cm. The transfer of the gas was especially complete, since at 
each expansion of the matter in F some of the liquid methane 
would evaporate and sweep out the gas; an excess of pumping is 
detrimental, as it only transfers methane to thus tending to 
clog the charcoal. On standing, the pressure in L slowly decreased 
as absoi'ption reached its maximum amount. Usually, very little 
except the helium was left un absorbed in this tube. 

When the reading of the gauge // was steady, the taps N and 
0 were opened and the unabsorbed gas was allowed to diffuse over 
to a second charcoal tube S of about 200 c.c. capacity, which was 
also cooled in liquid air. The tap 0 was then clos^, and com- 
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S3 

^^hile these operations had been P-m’ntr „ 
apparatus between taps above S ani thf delive'^rv tube^^^ 

Tk gas having remained in the second charcoal tube ,? for 
time and the gauge X attached to this tulde having beloL at^J® 
the taps alxjve S were opened and the gas was ^ j * 
the discharge tube and delivered to the coHeotorl!’ whichTa^ 
improvised from a graduated eudiometer by the placing of a Z 
at the closed end. The phosphoric oxide tube placed to the riZ 
of 5 was on y respur^ .u the early stagce of the experiment whl 
the 0 arcoal gave off water on heating. A by-p^sa was plac!^ 
m between .S and the pump If facilitate the action ofX 
pump. 

Before the gas was pumped off, it- spcdmrn was carefullv 
cammed by a small d.rect-vis.on spectrccope, and if any but thl 
lines of heliuju (and mercury) were fnnnil ^ 

ftw, JL 3 ri 

t« the air and a tresh start made on a smaller quantitv of the 
engraal gas. For example, ,f the natural gas contained ,e 

qiiautities of nitrogen and hvdrogen these^mavvc Z 
aad their presence would le detecteli a.Thi’ 

Tie gas obtained in the collector Z was invariihlv n i. r 
and from the readings of it.s volume and ' 
atmospheric pressure was caloniatesl. ^ »<■ 

deiis!^ trirMsTer'lheTl'*'*** P^»P T was 

previously been cxhausUxI bv a L ^ 

i» liqtnd'air (not shown i f <] ! 

to the right of F, and then sealesi off just 

of the helium coutent of a 
1*^ only, water which had^^^^f pur- 

r?«>- fo-d to conui suL^nr " 

''*‘«™tnations if high accuracy wrdemrncw'"' 
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Appendix B. 

Dennty Dtterminaticm^ by Balance Method. 

For rapid and accurate determinations of gas density, the use 
of a delicately pivoted silica balance was found to be invaluable 
This type of balance was originally designed and used by Astor 

Fig. 3. 



{Proc. Roy . 1913, [.1], 89 , 439). A quartz micro-balance of 

exceedingly high sensitivity had been designed by Steele and Grant 

iQio* Ramsay {ibid., 

Q 1 Trt Rev., 1917, 

I;, ’ recently published an account of a form of 

the mstrument which enabled him to determine with great e.xact- 
ness the density of helium, Aston’s form of the instrument was, 
howerer, fourd to be the most suitable for our purposes. One 




MOLBKNAN : HELIUM : ITS PEODUmON AND USES. 947 

method of using the instrument has been described already by 
R, T. Elwbrthy (Bvllttin No. 31, Minct D&pt. of Mincif 

1920), and a second, which has been found very useful, has 
been worked out for the present investigation by Mr. John 
Patterson, M.A. It is shown in Fig, 3. 

Xhe density balance (insisted of a quartz bulb, A, 1'25 cm. in 
diameter, and an arm, C, about 10 cm. long, mounted on a rocking 
B. The two points of this arm rested on jewels, and the 
arm had a protecting case around it, as shown by the dotted lines, 
so as to prevent the balance from getting out of the jewels. The 
end of the arm. C, was turned at right angles and moved along 
a scale, which could be easily read to O'l mm. In most forms “bf 
tbi? instrument, the pressure in the density chamber is adjusted 
hv either exhausting or admitting the gas ver\^ slowly until the 
correct pressure is obtained. This is usually a very troublesome 
operation, and to overcome it. a reservoir, was attached to the 
chamber, which permitted the pressure to be altered by simply 
raisins or lowering the mercury reservoir. The reservoir was pro- 
vided \rith a manometer, // , with a scale, the zero of which could 
he set on the lower limb of the manometer and the pressure read 
liredlv to OT mm. The manometer, //, could he use<l either for 
pressures than atmospheric, in which case the tube. //, was 
tee of air, or for pressures greater than an atmosjihere, when the 
:eal at the top is taken out. The balance could }>e calibrated for a 
iundard eas. such as air, by plotting pressures again-t the scale 
reading. Then, to obtain the density of a gas. all that was necee- 
>an' wa- to wash out the density chamber thoroughly and take two 
or three readings at different parts of (he scale. From these, tbe 
relative density could l>e determined at once. It wa-^ not necewary 
by this metho<l to adju,=t the pressure until the- indicating point 
at a fixwl position, A reading correct to two dwmal plac<«t 
wiild be obtained with this in.stnirnent in alx)ut five minutes. 
The temperature of the air used tor calibrating the I'alanoe should, 
0 ! course, l)e known, and then, if the other detemiinations were 
made at a different temperature, a corr<s*tion could Ijc applied. 
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Organic Chemistry. 


Poiitive Halogen in Organic ComnoundR T^a- 
Di-iodoacetylene and Chloroiodoethylene. Llovb K ^ 
[„ith WILIAM A. Novcs] (,/. 67,;.. , : l?o I 2 

991-1010).-It IS suggests! that the reactivity of Lwel’ 7’ 
stitutioii derivatives of acetylene is due to the (|u^adrivLnre ofTl,'' 
carbon atom rather than to the presence of a b valent car ^ 

(Nef, A„ 1898, i, 102), and also to the positive charae !; t .7 
halogen atom, also exmplified when halogen replaces hydrogen i* 
„no- imino-, or hydroxyl groujis I„ agreement with thi d 
lodoace ylene is shown to be produced by the action of inline 
monoclilonde on calcium carbide or cobiier .ui, 7 

acetylene itself gives a-chlor<.^uo<ioethylilo (pTm ,ton ’ T l"fi7 
392)^ Further di-iodoacetyleiie is decoini.oseij by neu’tral’, more 
quickly by acid, solution., of potas,iun, ioilide, whh formation of 
acetylene, iodine, and potassium hydro.xide. Ahhau^h nitrovei 
iodide IS considered to contain positive iodine atom., a'hattaJav 
A,, 1900, 11 722), it could not be obtained from di io-loaoetyleiie 
by means of ammonia, but thi.s 13 not suri.risiim ,i„„. ' 

iodinated by the iodide (Datta and I’rosad. A i 3’j )', 

formation of hexachloroethane hv the art inn' nf „v.i ■*'*' 
i^thylene (Bilta, A., 1897. 1. 3I9, is pr:.!7,,' v 1 
of the very unstable compound, CbCl.I,,. yellow neetiie- wl ^ 
apparently melt, but probably decomj.»o<e" at ys- h 1 
poses in the dark, even at U-mperatures l^lovs' u withn/a^'w 
iBrnutes giving trichloride and 

traces of a liquid, b. p. 80- mm. itroltibb. m .hVr-' 

ethylene. This result the formation di uni(>amv]mm 
action of alcoholic potash, and the fact that the uhole\,f the axline 
IS not converted into iodide by treatment with hme or ^o^innu i>cr 
oxide indicate that the compound is a&^iu'hUnn.Q f \ 
mdoMhmdc, CrClit'CMCL. ^-ihrhl.rod.aMrftu r ■ ' 

. , , CTCKCICl. " ■ 

IS an odourless, pale yellow liquid, b. p. 127 b -rw.v- .. 

spSilllSs 

po^nd, which liberate , i i ^ ^ tY.m 

P««ium iodide. The courso Th ''’"“rr"*'" 

acetylene is therefore r chlonnation of di u>io 

'^cici:cia!^'“(^ - f"”'"'-*: <71.. -v k-ikmcli 

2ICI. „.f’t,i ^ 0 l_. —V j( I('l...(’lei 1 — > (',,(•] , -nC 

*«tyicne throutdi i t"!' >» priHlur,-,! by pa*.,, 

'^loricacid; fre8hly''cry,uTli"«rf "’'0"'“ trichloride in 'hvdro- 

''0^- OXVm. i ^ '^OsUlhse*! from methyl .rlcohol, 

i 


it mell^l at 



i, 470 ABSTBACTS OF CHjEMiCAL FAPEBS, 

66° (decomp.), but after several hours at 80°. Contrary to the 
statemeiit of Thiele and Haakh (A., 1909, i, 865), its d|pomposition 
does not result in the formation of chlorine, but of iodine, iodi«< 
monochloride, and a number of liquid halogen compounds, of whicl 
the chief is a0i3-trichloro-a-iodoethane; no trace of <w-<iiloroioda 
ethylene could be discovered. Iodine trichloride as usually pre. 
pared contains a large quantity of the monochloride. A very 
satisfactory method of preparing solutions of the trichloride in 
hydrochloric acid consists in the addition of a finely ground mixture 
of iodic acid (3 mols.) and re -sublimed iodine (1 mol.) to a cooled 
solution of twice the theoretical volume of hydrochloric add 
(D 1'19). Such solutions may be kept indefinitely, even at 30° 
The positive character cf the iodine atom in nitrogen tri-iodide is 
illustrated by the formation of iodine monochloride on addition of 
concentrated hydrochloric acid to the tri-iodide. J. 

Vapour Composition of Mixtures of Ethyl Alcohol and 
Water. W. K. Lewis (/. Ini. Kng. Chun,, 1920, 12, 496— 499),..^ 
The vapour composition of mixtures of ethyl alcohol and water 
was determined by Vrevski (A,, 191*2, ii, 1139) under varyirnr 
pressures at 40°, 55°, and 75°. These results have been recalcu* 
lated and extended by extrapolation up to the boiling points of 
the liquids. The vapour compodtion curve is shown diagrammatic- 
ally, whilst the change in the vapour composition with the alter- 
ation in the boiling point has been determined from the slope of 
the temperature curves ami ])lotted in a diagram, so as to be 
applicable to pressures other than the atmospheric pressure. The 
total pressure exerted by a given mixture of ethyl alcohol and 
water at a given temperature, divided by the pressure of pure water 
at the same temperature, forms a ratio which changes but little 
with a change in the temperature. The value of this ratio rises 
rapidly from water (as unity) with each increase, of alcohol to 
about 2 ’3 for pure ethyl alcohol. The value of this ratio at the 
tailing point is plotted as a separate curve to enable the relation- 
ship between pressure and temperature to be made under other 
conditions than atmospheric pres.uire, as, for example, in the lower 
pa^t of a rectifying column. q_ ^ 

The Ceryl Alcohol and Cerotic Acid of Chinese Wax, 

Aleert Gascard {Compt. rend., 1920, 170, 1326— 13 28) .--Ceryl 
cerotatc, as isolatetl from Chinese wax and carefully purihed, 
m. p. 84° When hydrolysed, the ceryl alcohol obtained therefrom 
has m. p, 80°, and gives an icxlide, m. p. 59°. Analysis of the 
lodirle and the behaviour of the iodide when treated with sodium 
amalgam confirm Brodies formula. C.>-]J^-OH, for this alcohol 
Similarly, the cerotic acid, m. p. 82-- -S2'5° isolated from the 
producte of hydrolysis, is shown to have the formula 
^2e.IJ5s‘C''02H. (j. 

Catalytic Preparation by the Dry Way of certain Ethers 

528—330. Compare this voL, i, 6, 2S4),---Wheii allyl alcohe 
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vapour is passed over calcined alum at 18'5—190*^, a 30% yield of 
ally! ethei^is obtained. When tbe ally! alcohol is mixed with, 
methyl alcohol y its four higher homologues, a certain amount of 
the mixed ethers is obtained, but the main product is allyl ether; 
hi no case, however, is any appreciable amount of methyl ether 
ita homologues obtained. Under dmilar conditions, henayl 
alcohol did not give benzyl ether, but a yellow, resinous compound, 
/C 7 Hg)ii, hut when the benzyl alcohol was mixed with methyl or 
ethyl alcohol, some mixed ether resulted. W. G. 

Decomposition of Nitric Esters, Hookut Chosbik Farmkr 
(T, 1920, 117, 806-818). 

The History of Zeise’s Mercaptan and its Name. 

0. Zeise (/. pr. Chtm., 1919, [iij, 100, 48).- ~A personal note 
arising from Dierprt's recent conun unicat ioji (this vol., i, 137) 
uiider^ the above title. ' H, W. 

Crystallographic^ Properties of Sulphoual. H. Seifert 

1920, 97-' 101). - Su]}>honal {diethylsnljihondimethyl- 
methane), CMe,(SOoEt)^, crystallises in the monoclinic system, and 
is pseudo rhombic in character ; u : 6 ■. r A-.0G3 ; 1 ; h-l IC. d 9u*31 V'. 
Crystals were examined grown from water, auueou.- alcoliol. ether, 
ethyl acetate, chloroform, carbon letradiltn-ide. and toluene; the 
■ ’lahit of the crystals varies conddcraldy B(uv;idiutr to th« solvent 
roil) which they are grown. The erybiahs are generally well 
leveloped polyh^ra, but from toluene or al<-oitol skeleton ('rvstai.^ 
ire freriuently obtained. St nations and vicinal tacts sometime^ 
appear. There i.s a good cleavage jjarallel to n.Tnj,. and the 
crystals show considerable )>lasticity. Tliey are colourle- and 
fhow negative double refraction, the opt:c axial jilane leintf 
PO). E. 11. R. 

rc Butyl Chloroformate .and its Darivatives, Ehhueiuck 
Ba-Viel Ch.atta'Way and Eoor.Aun .S.akjikss (T Kt 'u 117 
:o3--7n). 


The Use of ajg Dichlorovinyl Ethyl Ether for the Pro- 
action of Chloroacetates and Add Chlorides. Hoi.l. 4 nd 

Rompto.v and Paule l.ArnE VASDEHsnvHr.i.E (T . 10‘'o 117 
11 - 693 ). ’ 


Uucic [aBjrdroxyi whexoi';] Aoid and Walden’s Inversion 
0 Koiuva (./. /bi-.vo chcfn. See.. 1919, 

UerUin amino acnls. for rxamph , ^buanne acid 
extensively u-etl in da]>.in a. t :iAte iTomotiuc 
■t^r aulhor ha^ ol.Jaiued verv -w^-t 

5 )wohei.oate, which is suspeiulctl in waler «iul irwi(e,i wilh 

t 2 
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sodium hydrogen carbonate, the filtrate giving sodium a-hydroxy* 
tsohexoate, long plates (from alcohol), after concentration. This 
salt as well as the ammonium, pot^sium, s(jliuin hydrogen, 
potiasimn hydrogen, and calcium sdts, is exceedingly sweet, being 
about teu times sweeter than sucrc^.. Since all the salts and the 
acid in dilute solution are sweet, whilst the solid acid and its ester 
are not, the taste must be due to the a-hydraxywohexuic ion. 
Neither ^Cohen's dulciganu nor Oertly and Meyer's glucophore is 
present in the adiydroxy/.'‘ohexoic acid molecule. Its use is reconi> 
mended as a substitute lor calcium lactate or saccharin. 

The influence of substituents on the sweetness has also been 

investigated. Both the anhydrides, 


and C 4 Hg'CH(OH)*CO' 0 'CH(COoH)-ChH 9 , are bitter, but become 
sweet by boiling with alkalis. The acetyl derivative t^istes like 
ether; its calcium salt is tasteless, but becomes sweet at 100°, owin^ 
to the formation of calcium a-hydroxy^^uhoxoate. Alkyhleiiuic 
acids and their salts resemble the acetyl derivative. 

The author has found that f/-glutamic acid is twice as sweet as 
the f//-acid, and also that the sweetness of a metallic a*hydroxyw>- 
he.xoate becomes more pronounced the less the Imvorotation of the 
salt. In accordance with tins, r/a-hydroxyu^ohoxoie acid, prepared 
from the f-acid l)y Walden's inversion, gives rAsalts, which are 
sweetest of all; the r/hacid, which is also produced during (he 
inversion, is sweeter than the /-acid. 

The following substances are described. Va-Chlorokohc-wj} 
chloride, b. p. 59° 11 mm., is slightly Ixworotatovy ; in benzete 
solution its rotation approaches zero, and (hen beconies dextro- 
rotatory by further dilution. Vadihlorohohc ruic aeid has b. p. 
113'5 — 114° 10 mm., and [a| -19-8° in alcoholic solution; the 
cthvi ester ha- b. p. 79- 8ft- 10 mm. and [a] -18-4° and (he 
anilide, needles, decomposes at 9.5—96°.. Sodium Vadtydrornm- 
heronfe. has [a| -‘25';3°, the pofn.^f:i)nn salt, m. p. 72°, ks 
[a] -21 ‘6°, and the f^odinm hydro'ien salt, 

C:,ll,j03Na,(VH,P^,‘3H.,0, 

has fa]"'’ -28^0° (tungsten light). Chemical Arstilicts. 


Action of Heat on Oxalic Acid and Oxalates. G. Calwcm 
(fr/medta; 50, i. 245— 251). — Ifydrated oxalic acid melts fit 
9(S° and yields a mixture of carbon monoxide and dioxide, but not 
in eq(ud volumes, at lin--.12r)°. The anhydrous acid cannot he 
obtained by keeping the hydrated acid at a temperature somewh.u 
above 100°. as (lie acit! then >ubiime>5 and decomposes, Storage 
of tue hydrated acid (cm . “several niontlis in a vacuum desiccator over 
sulplniric acid yields an anhydrous compound, which begins If* 
become pasty and to decompose at 135°, complete fusion, aiui 
vigorous decomposition aJul distillation occurring at 160°. Tk 
melting point, given a.^ 186 -187° by Staub and Smith and .v 
189'a° by Althaii.s-en and Bamberger, could not l>e confirmed. Tin 
products yielded when various oxalates are decomposed by 
have also Imen investigated. [See J, Sor. Chem. Ind., 1920,^ oOIv 

T. TI. V. 
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preparation of Formaldehyde. Movhr Delwyn Thomas 

/j Chern, Soc., 1920, 42, 8R7--882).----The oxidation of 

nietliyl alcohol to formaldehyde ))y passinj^ a mixture of air and 
niethvl alcohol vapour over spirals of co]:)per, silver, and gold, 
respectively, at 400° has been investigated. It is shown that 
ilver is ^ more active catalyst than copper or gold in the 
lehvdrogenation of methyl alcohol, and at the same time it pro- 
jiic,es less decomposition of the formaldehyde, so that the yield of 
'orm aldehyde is very much greater with silver than with gold or 
-pgj. With silver, an absolute yield of 95% and a process yield 
){ 5.rR% were obtained when the reaction mixture contained 0-25 
rram of oxygen per gram of alc,ohoI. Under similar conditions 
vith <^Oid, the absolute yield was 90 '5% ami the y^rocess yield 
30*510^ the values for copy)er were 88’5% and 40% 

respectively. The best process yields were oldainef] with silver and 

tiold when the reaction mixture contained O -l O' 5 gram of oxygen 

nK t^ram of alcohol. With copjter, this value was higher. 

gram of oxygen per grant of alcohol. The oydimuni 
siieed of the air for all three catalyst.s was 125 1.50 litres per 

hoar The length of the ratal vs t, spiral dir I not exert a very 
marked influence on the proces.'^. The tenip/M'ature of the reaction 
measured for gold, ami found to vary between 520-' and 900-, 
accordim' to the conditions. altlimiLdi (he spiral was only Itcated 
yo 400° to start the reaction, and then the heating was stopped. 

rrold, ]'7% of acctonc or 10% of water in the al«-oliol did not 
aylyn-eciablv influence the process The proo-s consists in 
dekdrogeuation, followfMl by the oxidation o: hydrogen and 
farbon monoxide. d . h . s. 

Physico-chemical Studies of Mixttires of Water, Acet- 
Idehyde, and Paracetaldehvde. Paul Pas( a? and Ih vrv 

W/. >V. rhim., 102(1. [iv|, 27, 555 .'ir.'ji. The autbru'^ have 

ftermiiierl the solid lilitv of paracctaltlcliydo in water, and rd water 
1 paraceta’delivdc over the temperature raiiue b vk, .md liave 
mw that the solubility of par;icetablehyde in i- uim-h 

iininbhed by the ymesejice of 5'x of suljdinrir' acid. The nbitivc 
Li! utility of acetalilehyie in iiaraertaldelivde ami in w i'rr im-u-a-es 
i'ith rise in temperature, ami >lill further imu'ea'-.-s i'" >u]ihume 
idd is present in the wat-er. 

ritially. the authors have deterinijicd the diModte- iD; arii! Up) 
i paracetaldehvde atul mixtures of ]iar.-tcetabi*'liv<le ar.-i watvr, 
icelaldeliyile and water, and acetaldehyde and parac.-ta!djehvde hi 
varying ywoporl ions. W. (1. 

Action of Hydrocyanic Acid on Doxtro.se : Kiliani’s 
Rsaction. J. HoiuuuLrand J. Pkhrikii (U mp/, rrmf , 1920. 170, 
Ihfi— The combination of hydrogen evanide with <b‘\;n>se 
toyivp. aiiimoniiim glucoheptonate dot's lud take place in a f«vMv 
medium. A trace of alkali is surtieienf to start the action, 
is then continuous. 

KCN 4 . 2H.p 



[ 474 ABSTEACrrS OF OHEMIOAL PAPERS. 

It is shown that the action of potassium cyanide on dej^tose is 
bimolecular, ' 

Purification of Celluloses. Action o! i^aline Earths 
on their Incrustations and on Hydro- and Oxy-c©lluloses, 

Carl G. Schwalbe and Ernst Becker (/. Ghem.y 1919^ [iij^ 
3^00 19 — 47).— The action of the hydroxides of calcium, strontium 
and barium, and of magnesium oxide on a number of hydro- and 
oxv-celluloses has been investigated, the actions generally being 
carried out at the boiling point of the solutions at the ordinary 
pressure. The authors are led to the following conclusions, 
Hydro- and oxy-celluloses are mixtures of celluloses and their 
deWadation products. Tn the case of the hydrocelluloses from 
cotton or from wood, the latter are present in amounts of about 

24 36%. Bleaching powder oxycellulose contains about 60% of 

pure cellulose and 40% of apparently oxidised degradation pro- 
ducts. Sulphite celluloses contain cellulose dextrins, either 
naturally or formed during the process of boiling, which can be 
removed" by boiling with lime. A variety of cellulose which h 
practically without reducing power is obt.ained by the action of 
boiling milk of lime on all sulphite celluloses, hydro- and oxy- 
celluloses. Sulphite wood celluloses lose up to 50% of their 
pentosan content when boiled with lime, whilst also the methyl 
content is depressed, sometimes to a considerable extent; the resi- 
due, however, still retains pentosans in very stable combination. 
Treatment with lime removes but little from soda wood celluloses, 
since any cellulose dextnns which may be present are dissolved 
during the boiling with alkali, [See, further, J , ^oc. Chem. 7«f/., 
1920,' July.] H. W. 


Lignin and Reactions of Lignin. Peter Klason {Ber., 1920, 
53 , \B\ 706—711. Compare this vob, i, 148).- Further examin- 
ation of iS-naplithyiamine lignofiiilphonate leads the author to ascribe 
to it a constitution different to that previously given, since it is now 
shown that only a portion of the jS-naphthylamine is precipitated 
when the salt is geiitly warme<l with dilute alkali, and that the 
salt readily regenerated by the addition of j3-naph thy] amine hydro- 
chloride to the filtered solution. The formation of the salt is con- 
sidered to indicate tlie presence of the group R*CTIiCH*CHO in 
lignin, and leaclioii is fonnuJated according to the scheme 


b-ch;ch-cho + h-so2-oh=R'CH2-ch(so,-oh)-cho — — ^ 

R'CH.'CII(S02'0'NHj-C,(,H-)-Gno -> 

The compound is thus an internal ammonium salt in which the 
opening of the ring under the influence of alkali can occur in 
either of two directions, yielding either the alkali salt of the acid, 
R*CTT.prjr(*CH!N»Ci,,n-)’S 03 H, or the alkali salt of lignin- 
sulphonic acid and free ;8- naphthyl amine. The salt is formed in 
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greater quantity from old than from fre«h auiniiif r 

t would appear that the group E CHfc& oH 

the latter, and that the aldeh/de Is grldSlW fl™ ^ 

atmospheric oxidation. ^ gfMually formed in them by 

The simplest aromatic substances containiim 
ciimamaldehyde and cinnamyl alcohol. The wloration! 
the former with phlorogluciuol and Wiesner's rea^enf T 
resemble those obtain^ with lignin. Also, when it is treated ^th 
thesu^hite acid solution at lOQo and the "reversible” sul^ire t 
removed, the residua! solution readily yields the cyclic salt^ ^ 

CH,P 1 i-CH <^'^'^’'9 

^CH.-NH-c^e/ 

on treatment with 0-naphthyIamiiie hydrochloride, the properties 
iptonatr* ^ ^ ^-naphthylamine Hgnim 

A consideration of these resulU and of others obtained bv him 
self and different investigators leads the author to the coiicludon 
that a hypothetical coniferylaldehyde (and coiiiferyl alcohoU are 
the most imiiortant and sole chemically active constituents at anv 
rate of ooniferoua lignin. H W ^ 

Some Synthetic Peptides. (Mli.e) L, Pktrfjcu (Bui. Soc 
Ckm. Romiiim, 1919 , 1 , uG— GO). Phenvlaminoacetic acid when 
condeiised with bronioacetyl chloride, yields hr.wuMUtI uhilun,,! 
*ci„e, CHrEr-CO-NH-CIlPh-COJl, n,'. p. ppic, 'rTh' ; 
treated With ammonia, plinn/It/h/riue ’ 

NHyCH ,-c 6'N’ 1 1 •CH Ph'-Co j j’ 

m. p, 2-26", giving a salt and an anhydride, ,3 : C-d,2'fto- 


2-^/ rn y/ pi pern :{ne, C Ho 


co-'sn 

NH-CO 


,>('IIP]l. Ml. p. 0320 -^y Q 


New Preparation of Amines by Catalysis. \ MAunx 

17 , 7 ;i ‘'-0- H-’d) WhL the aldazi es 

obtained by the cendensatiot, of aldehydes with hvdr.irine are 

'■educeii nickel it UO-’lGfP, 
primary a„“d ^ndary the 'lela".v; Kor'Ortiom'oT’thftwo 

nraSS"' ‘’f Ibvdrt^ttation 

^ - G. 

rr?S^70"lTpr ^ 

MrogettationlahrHui'l;,,,^^ 

primary amines at Uw fx»t th»» Kftazines vioid 

*«indary amines at hi(.be*'7 nii.xture ol j'ldtiiarv and 

at 130-1310 . T!,„< dinietliylheiaziue 

Propj’lamiue. DietlivikltaziL*')"""^’ i""'*' diMo- 

^ hlndloridf and a , t) < ILMe. b. p, Sp', 


gi'es, as the chief prclticl. 
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dimtthfflpeniane, CHMft,i*CH(NTT, 2 )*CHMfej, b. p. 125 — 127®, giving 
a phtuffharhamuJe, m, ‘p. 139—140®. Dipropylketazine at 170® 
gives Z-amui-ohcptnne^ b. p. 

135— 130®, chiving a hj/drochloride and a ph €71 j/I carbamide, m. p. 
134® Di/.<obutylketazine at 215 -220® yields S-amino-^{-dimetkyb 
heptane, CHMco‘CH 2 -CH(NH 2 )-CH 2 *CHMa,, b. p. 175-^177® 
tot^ether wiiti some dHiihohutpIca/'binf/Iainine, 

° r(CHMe.-CH.)rCHloNH, 

w. a 

The Acylation of Thiocarbamides. Aucustus Edward 
Dixon and John Taylok (T., 1920, 117 , 720 — 728). 

New Methods of Synthesis of Nitriles by Catalysis, 

Alphonse Mailhe Chi?fL, 1920, [ix], 13 , 183 — 228).— 

A resume of work already published (compare A., 1917, i, 68G- 
1918, i, 68', 105, 256, 336, 389, 532; this vol., i, 224, 377, 378, 380)’ 

W. G. 

Electrolytic Preparation of Potassium Ferrxcyanide. 

0. W. Brown, C. 0, Henke, and I. L. Miller (J. rhpsicd Chem., 
1920. 24 , 230 — 237), — The electrolytic oxidation of potassiinti 
ferrocyanide has been investigated. Using an undivided cell with 
electrodes of various shapes and with stirred and non-stir red solu- 
tions, the maximum yield was about 50"i]. When a dia})hraffni 
was used with a current density of O' 90 amp. per sq. dcni., 
potassium hydroxide was found in both compartments of the cell, 
and a current efficiency of abo\it 98'’,. was obtained. The presence 
of potassium hydroxide increases the eurrent efficiency and decreases 
the voltage slightly. By leaving a space in the electrolysis vessel 
and operating a stirrer above the gauze anode, the ferricyaniile can 
be forced below the electrode, where it crystallises, instead ol on 
the anode, where it won hi cause voltage losses. All the ferro- 
cyanide decomposed is not converted into ferricyanide. Different 
current efficiencies are obtaiimd with different electrode materiab, 
and in all case^ the maximum current efficiency is reached when 
the electrolysis lia,=^ b.eeii in progress for about four hours. The 
following maximum current efficiencies were obtained, working 
with an anode 71 cm, x 111 cm, and a current of 0*95 amp.: 
copper 96'3‘^o. nickel 97' 7T,, platinum 96‘6%, Acheson graphite 
99-7%, and lead covered with lead dioxide 93'^n. J. F. S. 

Action of Hydrazine Hydrate on Glycerides of Higher 
Fatty Acids. I. P. Falciola {GarMa, 1920, 50, i, 162-165. 
Compare Falciola and Mannino, A., 1915, i. 59). — The action of 
hydrazine hydrate on triolein, tristearin, and various other deiiv 
atives of oleic and .stearic acids viedds compounds which correspond 
perfectly in thrir chemical and physical ])ro|.erties with the hydr- 
azides studied bv Gurtius (A., 1800. i. 34, and elsewhere), and 
rapidly reduce FcddiJig's solution and. ainrnoniaral silver nitrate 
solution. further, the double linking of the oleic acid rcsidnf 
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oppears to undergo hydrogenation during the action of the hydr- 
azine hydrate, the compounds obtained from trial eiu and tristearin 
exhibifciiiK the same melting point, which remains unaltered when 
the two compounds are mixed in various ])rQport.ions. The identity 
q{ the two compounds is not definitely established, bub they exhibit 
similar cryoscopic behaviour in /Miitrobenzaidehyde and similar 
bullioscopic behaviour in benzene; further, the hydrazide obtained 
fioTii triolein does not respond to the orflinary reactions for 
compounds with a double linking in the molecule. 

The hijdrfwde, obtained from tristearin, 

forms white leaflets, m. p. 115°, and tliat from triolein, white 
leaflets, m, p- IH'5— 115°. Similarly, ethyl oleate yields a corn- 
P- 114—115°, and ethyl chloro-oWte or chloro.stearate 

? compound, m. p. 11 1-IU'’. , , 

With zinc and acetic acid, the two nydrazides yield a crystal line 
.)ro(luct of lower melting point, svith perm an (fan ate in acetic acid 
1 white m, p. (crude) 70 70°, ami with sul)d]uric and 

nitric acids together a cow/wumf, m. p. (crude) 55- -00°. 


The Production of Ethylarsinic Acid. Amasd Vai.eur and 

Raymond Dedaby {HnJl .W. vhhn., 27. -370).-- 

The authors have repeated Delin' s wurk on the action of ethyl 
iodide on tripotas.sium arsenite in alcoholi<‘ .solution (compare A., 
1906 i. 341b ^iDd find that the action is much dfiwcr and ]e<- conn 
plete than is stated by that author. The ethyl iwl id e di.'^apjiear.i 
itmch more rapidlv than corresponds with the amount of arsenile 
converted into ethvlarsinate. If the action is carried out in aqueous 
'solution, there is not this loss of ethyl iodide, and the action i? 
airly complete at the end of twenty-five days. W. CJ, 

New Mercury Compounds obtained by the Oxidation of 
Hydrazines by Mercuric Oxide. Orro Dn:i.,s ami Sihyllk 
Uthema.vx (/irr.. iTdG. 53, f/fj, 7.3 731). \Vh--n .in .itpjcoii- 
solution of ethyl hydrazinH-arbo.xylale j-; treated wnli ycll.iw 
mercuric oxide without precautions btuiiL' takim to monevatc the 
temperature, an energetic action occur-, and large vo'ui;i,x.. .,j 
evolved, consisting mainly of nitro_u n. but iontainin:: also 
carhoii monoxide and small <|uantities of an culorifcrmis substamv. 
hich is prcbahlv ethvl azidoforiuati* ; ihe a (Utens >-r']uti«in con- 
liiij ethyl hydraz(hlicarlK>vvlat*\ m. p, 13'* , and a bt-autifullv 

rysUlline mercurv salt, CpH . needles, m p. I.5.3' The 
orimik C0oKt.-N(]lg'(’O,Kt)'X( Hg-f’O.Kt nt'd K\ asdgned to 
lit tatter, since it i.s (Iccom posed ))v livdro'hlfuuc ariil mio imu'iniric 
'Itlori'le. ethyl hydrazodioari’oxvlat**. (Mrbou nictiovidc, and 
ilcohol; by bromine in benzene solution into mercuric bromide. 

azodicarlHix'vlate. ami etlivl )>rt>moformate, ami )'>v pipcridijie 
tfik ■mercurv, ethvl hvdrazn^licarbnxvlatc, and taper vliinuhane 
w%l piperidine- .V-carlxix via te). Mcthvl hvdrazinccarboxvlaie 

with yellow mercuric oxide in .a praviselv dmih'ir manner. 
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vieldin? methyl hydrazodicarboxylate and the meroury salt, 
COoMe‘N(Hg-CO.Me)'N(Hg*C03Me)-CO.Me, m. p. 215^. 

The authors consider that their experiments lend some support 
to the hypothesis that didmide or its derivatives are the primary 
products of the oxidation of hydrazines. In the present instance, 
they suppose that ethyl di-imidecarboxylate is first formed, 
NIl 2 *NH-Cp.,Eb+ngO^Hp + Hg + NH:N-COjjEt, which further 
reacts with mercuric oxide to yield the mercury salt, 
Hg(N:N-C02Et),,. 

The latter ^then exhibits the tendency common to many simply 
substituted hydrazines of passing into synmietrical disubstituted 
derivatives, and yields the product, 

C02Et'N:N*Hg-N(CUEt)-N(C0.Et)‘Hg*N:N*C02Et, 
which in the manner of a diazonium compound loses nitrogen and 
gives the mercury salt. H. \V. 

Kinetics of the Chlorination of Benzene. F. Bouriox 
(Compt. rend., 1920, 170, 1319— 13 21). —In the chlorination of 
industrial benzene in the prevsence of iron as a catalyst, the yield 
of monochlarobenzene increases with the velocity of chlorination. 
For a given time and a given concetitration, the fraction of a mole- 
cule of benzene converted into monochlorobeiizene is 8'5 times 
greater than the fraction of a molecule of chlorobenzene converted 
into p-dichloroljenzene. The yield of monochlorobeiizene decreases 
slighPy with rise in temperature. W. G. 

The Chlorination of m-Dichlorobenzene. S. C. J. Olivier 
(Bee. tra>v. ehim., 1920, 39, 411- - 413). -The principal product of 
the chlorination of ??? -dichlorobenzene in the pre.-cnce of aluminium 
chloride is 1 :2 ; 4-trichlorobenzene. The results obt-ained confirm 
those of Cohen and Hartley (T., 190o. 87, 1364), but refute those 
of Moiineyrat and Pouret (compare A., 1899, i, 263). W. G. 

o-Chlorodinitro toluenes. I. Gilbert T. Morgan and Harry 

Dugald Keith Drew' (T., 1920, 117, 784—793). 

Preparation of certain lodo - compounds. Cuthbert 
William James, James Kenxek, and Wilfrid Victor Stubbincs 
(T., 1920, 117, 773—776). 

p /3j3 Bimethylpropylbenzenesulphonic Acid and certain 
of its Derivatives. Artur Byod^:n (J. pr. Chem., 1919, [ii], 100, 
1 — 18). — a Phenyl- jSjS-dun ethyl propane (A., 1913, i, 29) is con- 
verted by sulphuric acid containing 6% of sulphur trioxide into 
\y^^-dii.itthyJ}yropplhejn^^^ ae'ul^ CMeg*CH2'Cjr4*SO;iH. 

the yield being about 95% ; the acid forms long, colourless leaflets 
or large rectangular plates ( + 2 H 2 O), which, when preserved over 
concentrated sulphuric acid, are transformed into the monohydmie, 
m. p. 142’2 — 144'2® in an open, 145’6 — 146*6*^ (corr.) in a closed, 
capillary. The constitution of the acid is deduced from its con- 
version into P'hydroxybenzoic acid by oxidation with chromic acid 
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in dilute sulphuric acid, and subsen, i«nf f,. ■ 

sodium hydroxide, and by its^xidatif>n'°b product with 

,^sulphobenzoio acid. The following P®™^nganate to 

liolmdum, +HjO; rubidium o-Tin." described: 

'+211,0; UDduru, +H,0; 71^“'"; 

ynum, +3H,0; nmonedum, +7H,0^ +,2^20; 

+ 3H2O; ferrous, +711,0; nickel ^8110- 

M +2H,0; copper^ (?,; 

anhydrous; methylammoninm. +1110 ^ 

much softening at about 150°; elhyLnmoniL^T), Yh 1]^ 
(con.) after previous softening; hrudne m 
(corr.). ^■^^Dimethylpropdheuz 


^enP. 

colourfes, rectangular plate; 'or prbmTm.'Ti '''58-7- ^59^0 /"™ 
whilst the corresponding hromiWp, plate« hv ~ 

(corr.). The sulphonyl chloride is converted in th!^ i*' 

into the amide, needles, m. n. loio ^ manner 

rhombic plates, in. p. 94'8— 95-3- (cfirr \ ii.* ' 

plates, m. p. 137° (corr) the 7 iuth 1 JJionocIinic 

m. p. 156—157° (corr.), the ]yfohiididr Vv, leaflets. 

117- 9-H8-30 (c^rr.), and the 'I* I" 

colourless needles, m, p pil v iii- 7- / ‘ ix-sided platen or 

propylpkeml, C\MepCH./C,HrOH snialT''' nre.il 

118- 0-n8-2° fcorr.l. is olt/.iLn i .. P- 

JusiricE pota-ium ;>-^j8-di- 
and 


"1. p. Ml 5 lU 
CaMepCH./CjfpOH. 

(corr), is obtained bv 

iiiethylpropylbenzenesulphonate witl/ i , 

subsequent acidification of the jirodnct ^bv^lroxid 


H. W. 

chlorobenzene (lXR,.p ■> 01951 ) 'b “I- and 

-0^171) ri not ^.nnecteui 70. ,, + r.nl'it 7'''""" ’" 
compounds, since nickel cobalt and 7 , ' 7'''’' '' **">'”oniuni 

^-upouuds, have no .nil, ™7 , , f"™' similar 

c«|.ric salts, wh,cl, i..-^ a , 77„Iv T'"" "7 <'>«<°t.ve than 

»<! water cannot bi repu'bi b 

-W’: with 5- -65, solutions of ■u,,,,, , ■»''«'•<■ 

“mplete, and an amorphou- red ,7,7' 

'■»" of iron fili„„, 7 a -tivTiL , ' V''"'’ J''''' .iidi- 

;S7''7‘>>e appearance ol t in br i"’" 

7f<i 7 e reactio,r Th; a ‘u'n 7b"'’"''*''''. 

»t:iiT‘''ir- p-.H.nb;:r7a,7 7 ; .■■';'-<''-.zene 

in, ’or";: 

the yield, although tb »ot 

IJ'phcnylamiue could not be 

C— 2 
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.-Aminophenyl.-naphUiylmethane 

GazzeiU. 1920, 50 i. 21 o- 221 ^B> r 


obtained from bromobonzene under the conditions prescribed by 
D.R.-P. 187870. 

Tiifration of Aceto-w-toluidide. James Wilfred Cook and 
OSCAR 1.SLK Bradv (T.. 19'20. 117, 750-753). 

I. Sergio Berlingozzj 
/P - ft ij reducing the two stereo- 

((ra-2zc G - , I 7 1 I keiono by means of zinc and 

X vl-c naphthylmethane hydrochloride, winch agr^s ™ proper 
ie! with the hydrochloride prepared by Busch and l>^elm (A., 
lor^ i rvM from mac^nesium a-naphthyl bromide and hydrobenz- 
andde.' The latter authors give m. p^ 12P for the cormponding 
free base, ‘whereas the present author tbids P- 59 for 
the base derived from Poccianti s hydrochloride. In the form, 
ation of the latter, tlie Bcckmaiiii transformation may possibly 
result in the change OH-NlCBh-CniH; ^ 

that the base would then have the formula C|,,HpNH-CH,rh 
instead of C,„H.-CHPh-NH.,. That such change does not occur 
and that the base is actually a primary amine is shown by the fads 
that- (1) the same base is 'obtained when the oxime is reduced by 
meaiis of sodium amalgam in acetic acid solution, (2) the action of 
nitrous acid converts the base into the corresponding alcohol. 
phenvl-a-iiaphtliylcarl)iiiol, (3) the base readily yields the corre- 
siioiiding p-livd'roxybenzylidene derivative when treated with 
ii-h-ydroxvbeiizaldehvde, and (4) benzoyl-ci-iia])hthylaniine. 

■ C,„HpNHBz. 
is not reduced by sodium amalgam. 

a-Anili}ophcn//l-a-n<{pJiffi/ihni thane, C jQlK'CHPh'NHo.^ 
ro.-eltes of lou", coloiirlees, prismatic crystals, m. p. 56 -59". and 
its acetate, sbining, white scales, m. p. 119^. The p-/j//f/rctv- 
henzifJi'Jenc derivative. C|,,H-'CHPh*X.Cn*C,.,HpOH. crysta]]isf7 
ill tufts or minute, acicular crystals, m. p. 235°. T. ll P. 

The Preparation of Picric Acid. Influence of the Depee 
of Sulphonation of the Phenol on the Yields of Trinitro- 
pbenol. Maurice M. Dorx {Bull. Soc. chim., 19*20, [iv], 27, 
370— 374).— Otber things heiiig cfiual. the yield of triiiun>{H!fm)l 
increase'^ retnilarlv with the deorce of sulphonation of the phenol. 

' ' W. G. 


Identification of Acids. V. p-Halogenophenacyl Esters. 

W- Lee Jedeftnd and E.,Kmmkt Reid (./. .imrr. Chem.J^ot' 
1920, 42, 1043- -10,55V— ■Certain of the phenacyl enters previoiislv 
(tescribel (A., 1019, i. 157) are oils or solids of low melting point. 
It is now shown that derivatives with a convenient range of 
ing points are. in general, easily obtaine<l from p-halogenopV*^' 
acyl bromides. The esters of aspartic, maleic, racemic, tartaric, 
and mucic acids derived from p-bromo- aiul y; chloro-phen^V 
bromides decomposed without melting, whilst the salts of liiioleic- 
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oleic, oxalio, inonochloroaoetic, e 

„ot reaot. A l,q„id ob“ 

„icl, and gallic acid gave only a an,“irona“ditv o^f a”’’ 
factory product. p-Zudophenmyl hramdr (ullm, ' 1 '”“^'*' 
C,H,I.CO-CH,Br. yellow ^ tls 

„kM, C;H,Br.CO.CH,.On, ' 3 T a,,,? 

m. p, 132» were obtained Iron. tL 
of barium carbonate. The fallowincy ncUr. . - ‘ ^ action 

temperatures indicating meltinjr points'): ' i^J'^pared (the 

^)J!hhroj/hemci/l acefat-E, 67-2® ; uconifnfE ifiao ; 

llk,'; MylA,,>l/„U, 94-40; .uJZ 

liji) -'; fmarha^l^iate^ 125-6^. ’ ^ 

i^-Bromopheme^l acefaU, 85^ ncomtnt,, 186°. n/.b-nf. r„o. 

knmie, 119^ /y«///m/c, G3'2'^; 7G.go. 

71-60; «cf«l,.. 6,5-50; ’,45-60.’ 

I'nmllf, 61“; rlhijJijIpcnlUitr, lOl'S-O; ,/h/r,JI„lf loco. ,,, ’ ** ’ 

1310; ^.phenylpropimnlt, lO-l”; hwUn,, ijo gb. L’ o'"’ 

590 ; piimnimile, ]58-5“; tidiryhiir, 1400 . j.j 74 

I 290 ; stearate, eS -)°; ,u,-ri,M>r, jua, t!,iu,-.'aL,ie ’ "nr J’.’ 
Q-iolnate, 56-9^; Tih(alm(E, lOS'-"' v-fkiMfr S /r V ’ 

IK-OO; 63-60; Mr„ie!J ' ' "■"'''o'-oZ/v/n/r, 

\)Io(!ophfn<iEjB ij-P'; f,(ij:iintr y , -oi - 

'mhntijmte, 109-2°; <}eciHih\ 8(P . 7,,^ w// 'sp-: '''4^1 ' 

78-8° ; crnm/c, 73'8^ - ^ ’ 

1 , /nvT - ’ ; mru'tiarnlr 88-S'- 

jifT/rJHOrtc, 90°; prnpiumie, OTO-; 0o-,V- mlndsif' ”8 

-T. K.' ‘ 


Poiymensatioa m Ethereal Solution bv • 

CUoride. Seventh Polymeride of l^eth r F >, 4 

19^.50, i. Ml) (■,„„|„u-c A nmit 

nop,- ..VddKum ol dherral ferri.. ,.!,!„n,|.. so!„(,n„ In';,., nw’.,'; 
sobitioii ot anethole rpyiilis in }bo njune-iiatr h r ^ 
rttle substance; fractional ,lis(il|,.,|io„ „f ),2 444’’ under 
tf-liiced iircssnr-c virlding a new tinlvmcnn,. ,1„> I i 
pi'olo. Tbc„„l„„.a„d yurila lA l4,; '4 s;,' 

Mi Morion I -V imtit k -wQe ■' \ a..fu*t!.h (>rndt»rfT 

:p™«,yii..;,,4,'a 4 : '44 

'^korl, a- prepared,,, the c", , 4 4^ T'”’ 

’'r '-I '^44. ;:r 

tLV ^ fhoir lir<imi-i(s and polvinei-icr.. 

seventh tt! ,-„nulh)le <r I O ' ' ■ 

'i' not. drtirmiLl,' " ”■* 

*n^ ,ic,,„, ;i,V4i4,'4,5|;. '■'■’n'e 

'*« ^ntonylanisolc for,,,, a colourl,-.. f,,j„t,v 
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b. p. 248—252°, n 1*54, with th& odour of aniseed. The bromide 
(not analysed) forms long, slender needles, ta. p. 93—95°, and the 
polymeride a dense, gummy mass. T. H, P. 

o-Anisyltellurium Compounds, Karl Lederbr (Ber., 192o, 
63, [/y], 712—716. Compare A., 1917, i, 134; this vol., i, 40).-..- 
Di-o-anisyl telluride has been prepared by the action of maguesiimi 
o-anisyl bromide on tellurium dibromide; it is purified by con- 
version into the crystalline dibromide, and reduction of the latter 
with magnesium methyl iodide. 

J)i~Q-ani.<>d telluride, Te(CJI/OMe)o, is a colourless, c^stalline 
substance, m. p. 73—74°, b. p. 248' -251°/30 mm., which gives 
rise to the following di-o-(V}i.<_>/Ii(dhir(>mum compounds in the usual 
way: dichhmde, mieroscopic rods. m. p, 184 -185° after softening 
at'lS2°; dibromide, small, monoelinic ]}latelets, m. p. 195— 19C'> 
after softening at 192°; di-iodidc, shining, metallic, iodine-colon red 
needles m p.” 199—200° after softening at 198°; o.euh, 
TeO(C,n,‘OMe)., 

needles, m. p. 205-- 20G°; methiodide, small rods, m. p. 124—1 25° 
It also forms additive eom]munds with mercuric haloids, as follows: 
iodide, Te(C,JrpOMeV 2 ,HgI,,. yellow crystals, m. p. 80--81° after 
softening at 79°; t>roinide, yellow crystals, m. p. about 84° after 
softening at 70°; chloride, obtained as an oil, which, after solidifi- 
cation, has m. p. 143—144°. and after recrv^stailisation has m. p. 
lo6- -157° (deeomp.) after softening at 150°. IT, W. 

Relationship between Chemical Constitution and Physio- 
logical Action in Local Anaesthetics. I. Homologues of 
Procaine. Oliver Kamm {J. Amcr. Chem, Soc., 1920, 42, 1030- 
1033) . — y 'Diet hyla m iu opro pyl p-nifrohenz mte h yd rock / arid e, f rom 
/>-nitrobenzoyI chloride and y-diethylami nopropyl alcohol m. p. 
189 -'190°, on rechiction with tin and hydrochloric add gives 
y-dielhylnminopropy! p-amit\f:d>eii:oofe^ m. p, 69° ijiydroehhmde, 
needles, m. p. 164°). which is structurally similar to cocaine, and 
in physiological action is intermediate between this drug and 
procaine (novocaiue). It is slightly more toxic, but considerablv 
more effective a.s a surface anaesthetic than the latter, yddiethil- 
aminopropyl rivnitrot/erzoHte hydrochforulr, m. p. 139 — 140° yields 
y-diethyhtmiuopr(^)yl Mvamnud>eui(Kite, a colourless oil, which 
solidities only at a low temperature {hudroeldoride., m. p. 151°). 

J. K. 

The Constitution of Acylanthranils. Gcstav Heller { Ber ., 
1920, 53. [71], 731-- 73*2). — A further contribution to the discussion 
on this subject (compare Heller and Laiith, this vol, i, I'^l > 
Schroter, this vol, i, ,333). The author maintains his original 
view's, and points out that the properties of the crystalline additive 
products of hydrazine and lactones differ considerably from those 
of the substaimes formed from hydrazine and acylaiithraiiils, 
particularly from the point of relative stability. H, IT. 
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jS-HalogenoethylaminobetuEoic Esters. J. Altweqg and 
j. I^NDRivON (U. 8 . Pat. 1334641 ). — Ethyl ^-^chloroethylamino' 
lenzoaie, CH^CPCHg’NH-QHi'COgEt, crystals, m. p. 69°, b. p. 
1 ^ 30 ^ mm,, is obtained by adding a solution of the corresponding 
hydroxy-compound (20 parte) in dry benzene (15 parte) to a mix- 
ture of phosphorus pentachloride (20 parte) and dry benzene 
(25 parte), heating the mixture on the water-bath, evaporating the 
^iizene and phosphoryl chloride, and distilling the residue under 
j-eduoed pressure. Diinethylauiline and thionyl chloride may be 
used instead of benzene and phosphorus pentachloride; in this case, 
the product of the reaction is treated with warm water, whereby 
dimethvl aniline hydrochloride dissolves and the ester separates in 
graiiuli. Other esters may be prepared similarly. They are 
useful ^ ansesthetics. Chemical Adstkagts. 

d-Alkylaminoethylaminobenzoic Alkyl Esters. J. Altwrog 
aud X LandriVON (F-S. Pat. 133-1642 ). — Ethyl li-^-diethylaTninrh 
(■fhyhminobeiiKmfe, NEtg-CHrCH/XH-CJI^’COgEt, an oil 
(hydrochloride, white needles, m. p. is obtained by heating 

a mi.xture of diethyl amine (2 mols.) and ethyl ;?-0 chloroethyl- 
aminobenzoate (1 mol.) in a closed vessel for several hours at 100 °, 
and treating the cooltvl, crystalline mass with water to dissolve 
diet hy lam ine hydrochloride. The corresponding hufyl ester has 
p 213— 214° .6 mm., and form.s a hydrorhloruh , in. p. 127° 
]iiif/fl p-^-wfthf/hnnitioi thyl(iKtlnohni:o(ift‘, b. p. 214°. 6 mm., 
forms a hydrochloride, ni. p, 141°. Chkmic.\l Abstk.^cts. 

Mechanism of the Reaction between Ketens and the 
Grignard Reagent. Hexky Oilman and I.. Hecrkut (J. Arn^r. 
<1ifin. S()(‘., 1920, 42, 1010—1014). Hitherto, all tlie reactions of 
the ketens have been attribiit<yl to initial a^.idition k> tlio ethylenic 
iiikins:, hut, on the other hand, no case is known in which the. 
Iriniard reagent combines ^lirK-ily with siich linkincjs. By direct 
lenzoylation of the initial pro - 1 net. of the reaction Victwccn diphenyl 
ieten and magne.siiim j>henyl hromide. trijduuivlyinvl benzoate, 
LTh.XPh'O'COPh, was obtaiiie<i. diowing tliat addition of the 
Griguard reagent had taken place at the carl*onyl group, ,T. K, 

lodination of the Phenoxyacetic Acids. Knsio Mameli, 
Ev.^risto Gamhett.a. and Gi mo Bimini (Vf#;,vt,'r7, 1920. 50. 
i. 166— 186). '-Of the variou'- methods tried for the icniination of 
plienoxyacetio acid and some of its snl'slitute-l derivatives, the 
action of iodine in presence of iiKlic add in dibuoform solution 
ionnd to give the be.st reenlts. The adds cmjdov^^l j^ave the 
■following melting points, sotne of wliidi differ ■- lightly from those 
found in the literature: phenoxyaad ic acid, 99 2 methoxv- 

pteiioxy^'eiio acid, 123 125°; 3 inelhvl 6 Mopropivlphennwacctic 
acid, 147 — 14 go J o-naphthoxvatN^tic ad<l. llhh’; 3-imphthoxvacetic 
aad, 156 ° • 

f-hhpkem.rytKtllc ihuI, (y[,l'0-Cn,,<'0,H, ol.laincl by 
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iddinltiug phenoxyacetic acid, and also by the action of chlMoacetic 
ad^on ifodophenol, crystellisee in shming co ourleas ^ourless 
“les m p. 155-156°; at first it appears tasted, but a per- 
bcaieS; iu. iJ crrafhiallv develops. On nitration, it yields 

TibdVs-nrtrophenol, °The potauimn,atl<.’mm ( + 2 ^). 

"'ef'S’wUh a pronounceri fruity odour The „„i, A, 
C,H!o.,Nr, crystallises in silky, white iieeiiles r,u 60 -^ 66 °. 

5.I<xlo-‘2-methoxi/pheno.ri/acelic iicid, OMe CjIlji O tO.H, 

prepared by iodiiiating o.^ethoxypheiioxyacetic acid, and also by 
Le action of cliloroacetic ac-id on 5 -iodo- 2 -inethoxypheiiol foni.s 
slender, white, odourless, tasteless needles, m. p. loo By Mid 
coiiceiitrateil sulphuric acid it is coloured first vio et and then 
Lowii and afterwards charred; the sulphuric acid solution colours 
chloroform violet, and emits loihiie vapour when heated,^ Similar 
Lhaviour is shown by the yellow, sh-browu solution obtain^ wilh 
concentrated nitric acid. The p«his,si»wi and silver salts were 

n<',Vf, obtained from l-iodod. 
niethoxyphenol and chloroacetic acid, crystallises iii white, nacreous 

?cales, in. p. 83 — 84°. . 

4-Iodo-Z-mefh >/l4^hopropi/Iph tno.rpacttic acid, 

QH.MePr^I'O-Clfo-CO.H, 

prepare^l by iodinatimrof 3 -inetbyl- 6 -y-vopropylphenoxyacetic acid 
in Lamvl alcohol, and also by the action of chloroacetic acid on 
4 -iodc^ 3 -lnethvl-G-^<-^pro])ylphenob crystallises in small, white, 
colourless, tasteless needles, in. p. 126-127°, and towards sulphuric 
and nitric acids behaves similarly to o -iodo 2 -methoxy phenoxyacetic 
acid Its pota.<.<ii(ui and silver salts were prepare<l ami analysed, 
l-Iodo-^-n<iphfI(o>parefic and, , prepared by 

iodination of jS-naphthoxyacetic acid, and also by the interaction 
of chloroacetic acid and l-iodo- 0 -naphthob forms thin, white, 
odourless plates, m. p. 170 -171°. It becomes pale yellow at 138^ 
and pink at 14;j°. the colour deepening as the melting point is 
approached; at 203—210° it deconi])oses. with emission of violet 
vcoour. Concentrated suljihnric acid de<'oiiipf>^es it, with evolution 
of\iolet vapour, the acid a.^suinin^ a brown^ colour with green 
reflexion. In cold concentrated nitric acid it is insoluble, but the 
hot acid dissolves it. giving a ruby- red liquid and violet vapours. 
The mtay.<‘hnn and sihur salts were jn-eparod and analysed. 

Iodo- 2 -napI>fhodpar.r>r and, prepared by 

iodination of a naishthoxyacetic acid, forms slender, jiink. odourl^ 
crystals, in. ii. 108 170°, and decomposes, with evolution of iodine 

vapour, at 195°. It colours concentrated sulphuric acid violet- 
pink. and liberates iodine when treated with boiling conceiitratei^ 
nitric acid. No suitable icKlo-derivative of a-naphthol beins 
known, the po.dtion of the iodine in this acid could not 
established. The pota-'^danf and sdver salts were prepared au 

aimlysed. T. H. P- 
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The Behaviour of Optically Active Esters on Hydrolysis. 

Alex, McKenzie and Henuy When (T., 1920, 117, 680 — 690). 

Case of Isomerism in the Series of Aromatic a-Ketonic 
Acids. H. Gault and K. Weick {OompL rend., 1920, 170, 
1^09.-1395). — Ethyl phenyl pyruvate^ as prepared hy Boiigault 
!, mnare A., 1914, i, 839) and hy ileinmerle (wnnpare A., 1915, 
• 78 ) is ^ P’ present authors lind m. p. 51- - 52^). 

u the hydrolysis of ethyl cyanophenyl pyruvate in alcoholic 
^"diuni and fractional uistillation of the crude product, an 
^Mneric ethyl phenylpyruvate is ohtaineii as a liquid, b. p. 149'-, 
n min., which will not solidify. This liquid isornuide gives a 
W-iilphite compound, a seinicarbazone. and a phenyl hydrazone 
•riitical with those from (he solifl is^mieride. It is ,‘^hown that 
solid isomeride is the unstable furin, and that by slow distilia- 
t'V under re<iuced pressure it is converle^l into the stable liquid 
/oi’in hut the change is not revej'sihle. 9 he new method of jire- 
' 'ation really gives a crude mixture of the two isomeride-, which. 
Suriiiff the liactional distillation, i.s entirely converte^l into the 

^^THydroxy-O'pheiiylnialei^^ was isolated as an intenne<liate 
j.roduct of the hydrolysis of ethyl cyanophenvlpyruvate. W. G. 

Synthesis of Bibasic Acids by the Action of Malonic 
Acid on Hydrols. Replacement of the Hydroxy g:roup 
by the Group •CH(CO,H),. IT 1-Wk iAnn. Chm., 1920, 
iixb 13 , 154' "1-83. (.'omparc tlii.s vol., i, hlxi 396). -A more 
flet ailed 'account of work already puhli'lie-l hHiUipare A., 19')0. 
975; 1907, i. 414). W. G. 


The Constitution of Some DiaJkylcycf hexanones, lb 

’oi’Xl’BKUT {('i)iitiit, rtiir/., 192i<, 170. 12. >9 12i>2. ( luniyare A.. 

.914. i, 9G9),' A further -tudv of the ally! ■h-rivatives ohiaine.l by 
:l]e action of allvl imbde on ' vrbdu'xaiione and tlic iluu-e methyl' 

' t;dfihexanoues in the presence of s(. lamiiie by meaM- o! the aotjoi! 
of beiizaldebvde (compare tlii.s vo\.. i, 39i>). '1 he ronsiOuf ioim of 

these, com poll lub are l-iiiethyl 1 allvbv''/"h(‘.';an-J i:ivjnL' a 

l/Orp/Zk/f/u' derivative, b. p. 211 212 13 mm. tceir.i; i :i diallyl- 

q/doheKan-2'Ono, giving , a derivative, b. p. 231 2.32' 

li’ mm. (corr.); l-methvl 3 : 3 dially!- /■ ■''du-.\an- ! (Ute with a 
derivative, nr p. 7! 71.3 ; .iiul 1 Jiict hvl-2 ■ -tor 

4;4)-(iiallvl/7/i'//diexaiie 3(or .3)t-iu‘ uith a n: .!>Jf d.tuuvative. 

1 , j). 45- 18b Simdarlv, other di and tn.alkyl' :>< .bdie.xamuu-s 

irevioiidv described (compare A., I'dl i, i. 93], ihgit h,ave the con- 
tititioii 1 niethvl-1 -/r jjropvl'p/''/nbi*.\aJi-2 one ,uid 1 methyM:!!- 

liailYl{'ydyhpxan-2-one. G. 


Acidylketimines. Charles M<n.HKt^ and Geok'.ljj Miunonac 
laid., 1920, 170 . 1333 133d). Orgatu' in.igneMum 
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derivatives of the type 0RR^‘N‘MgBr, obtained by the condensar 
tion of nitriles, RCN, with magnesium alkyl bromidea, R'MgBr 
react with acid chlorides to give acidylketimines, thus: 

CRR':N-MgBr + R^TOCI = CRR^:N-COR^/ + MgBrCl 

In this way, the authors have prepared 
CPhEtlN'COMe, in. p. 126°; hutiiriilphenylethylheiimm^ m. p 
85*5°; {^vderiilpheniileAhyUatimine, m. p. 117°; htnzoylphtnyl 
ethylktfimine, m, p. 165°; m. 

134°; and henzoijlyhenifJhQhu-ty^kethnine, m. p. 160°. 

All these acidyiketiinines are hydrolysed by dilute mineral acids 
to give a ketone, an acid, and an ammonium salt, 

CPhEt:N-COMe + 2H.0 + HCl = COPhEt + CH^-CO.H + NH^Cl. 
When hydrolysed by alkalis, they give the ketone, the alkali salt 
of the organic acid, and ammonia. '\y q. 


The Stereoisomeric Forms of Beuzoylphenylacetylene Dh 
iodide. Charles Dufraisse [Covip, rend.^ 1920, 170, 1262— *1264' 
Compare A., 1914. i, 845),— -Nef (compare A., 1900, i, 20) obtained' 
only one didodide by the action of icKline on benzoyl pheiivl- 
acetylene. By suitably modifying Net's ])rocess, the author has 
obtained two stereoisomeric di-iodides. The substance d, m 
155—156°, is the one descnbeii by Nef. The di-iwkide, B, occurs 
in two distinct crystalline foiuns. and 71^, is converted into 
when heated at its in. p., 82°; 77,, has m. p. 84—85° andds 
converted into /?, by rapid cooling or rapid evaporation of iti 
alcoholic solution. if ^ 




The Diphensuccindene Series. II. 2 : 2'-Dibeii20vI 
benzil and its Derivatives. K, Brand and H. Ludwig inL 
1920, 53, [77 1, 809— 814). - The constitution assigiie<l previouslv to 
the brown hydroc.arboii, 9 : Pl'diphenyldipheiisuccindadiene 
1912, i, 960), is confirmed by the oi>servatiou that it is oxidised bv 
chromic acid in hot glacial acetic acid solution, with the produc- 
tion of two molecules of o-benzoylbenzoic acid from each molecule 
hydrocarbon. If, however, the o.xida- 
non 13 earned out in cold solution, 2:2 Vj- 
^C-CABz C,H,Bz-CO.CO-C,H^Bz, yellow 

crys als, m. p. 188°. i< obtained. The latter 
sow y condenses with f>pheiiylenediamine in 
boding glacial acetic acid solution to yield 

1 1 (annexed 

foniiuia), colourless, silky crystals, m. p. 237—238°. 2:2^'/h‘-p- 

formed from 

y . i.v ui-p-tolyidipheusuccindadieue. ^ jj 

Efiers Coloured Phenol 

F w TT ^ ^JP^ensucemdene Series. K. Brand and 

f9P i Compare A.. 

o- a'ld ’ /Mm’civM preceding abstract). —The action of magnesium 
investigated [tT^ensnccindan-9 ; 12-dione has been 

investigated, and a senes of derivatives have been prepared which 


N 
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C(C3K/0M.)-0H 


A OH^ V 

K/\A-\/ 


jj-e closely similar to the phenyl and p-tolyi compounds described 

previously. ^ 

8 : 12 “ Dih^droxyS ; l2-di - o- anisyldiphemuccindane (annexed 
formula) forms colourless, trans- 
parent needles, m. p. 207-5°, and 
is converted by a boiling mixture 
of glacial acetic and formic acids 
into 9 : \2 ~ dt-fyanisyldiphen' 
Hvccindd/ltene, reddish-brown 
needles, m. p. 247°, The latter 
is oxidised by a warm solution of 
rliromic acid in glacial acetic acid to 2:'l'-di-o~aniwylbenz{l, 
OMc'C,-,H 4 -CO-C‘;H 4 -CO-CO'Q;}I^-CO-CJl 4 -OMe, pale yellow 
needles, m, p. 244° which condenses with o-phenyleiiediamine to 
vield 2 :^-di[o-aTiij<oylphen}/(yfjtnno.rfdine, almost colourless needles, 
ni. p- -50°. 

9 ; i2-Dih//dr(}.rj/-0 ; Vl-dy\)-f!iii,s‘yld/phenmccindane^ colourless, 
traiisparei^t needles, m. p. 230°, is readily dehydrated to 9:\2-di' 
^}ii<i/JdiphFriMicrind(idienf^ brown needles, m. p. 242°. (When 
the Gric^nard reagent is prepared from //-anisyl iodide, the diene 
sometimes the only isolabie substance.) It is converted by gentle 
o.ddation with chromic acid in glacial acetic acid into di-]y(ini.<oyU 
liorAl, yellow needles, in. p. 214°, whilst more drastic oxidation 
(Averts it into 2-/>ani.-oyll)enzoic acid, m. p. 138° (the literature 
records m. p. 142—143°). The beiizil condenses with o-phenylene- 
diaiuinc to vield 2 jdif nyl)-(juin<}ndii>f, almost 
-olourless needles, m. p. 251° H. W. 


Constitution of Enols. IV. Enolisation of 2-Monoacyl- 
ndane-l : S diones. Joii.\nnks 8rnKnu:ft and Okuri; Horpkr 
1020, 53, [7i]. 007 -TitO). The enolisation of monoacyl- 
iiiflane^liones may occur in -neb a manner a- to yield products of 

tk formula (i) 

(") C,H,<°’,>c;cH-OH. 

Tk authors have therefore investigated the beh.aviour of ethyl 
l:3dih€tohv(lrim{ene-2-carboxylate, 2-acety]- and 2d^n2oyM:3- 
diketohyd rind cues towards otoiie. and in eardi ca-e tiud that enol- 
jalioii occurs, at anv rate to •.ome extent, so as to <jive rise to 
RikUiices of the se<‘ 0 !Kl foi-mula. 

Tk main prmiucts of the action (U' o/.one on a ^(>lution of ethyl 
l:3diktohydrindene'2-cark>xvlate in carKui tetrachloride at 
-2fP are phthalic acid and ethyl ol vox a) ate, which can only l)e 
derived from an enol of tvpe (i) ; at the same time, considerable 
t)iiautities of carbon dioxide are former), the bn Ik of which is 
attrihutahle to the dm^oin petition of ethyl hydrogen carbonate. 
)fliiH smaller quantities arise from the oxidation of triketohydlr' 
indene to phthalic acid, thus indicating that enoli-ation also occurs 
®siich a manner as to yield type (iib Oroiiisafioii of 1 ;3<iiketo- 
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2 acetylhydrinclene must produce either phthalic acid and methyl 
1 Jl er triketohvdriiidene and acetic acid, according as enolisa- 
glyoxal or t y ^ actually, the latter substances 

“Idtced and Ilthouo-h the absence of enolisation to type (i) is 
rtS i efy xduded d appears certain that at least 95% of the 
tianiormed substance be^ to type (ii), It is, however rennirk- 
tiansiori orit^inal material remains unaffected by 

.‘l,h‘S Sill b,“lVi m.Ho.l 11. 

0 ben oylhydrindene are phthalic acid a strongly reducing sub- 
i,an« which is probably pheiiylglyoxal benzoic acid, and carbon 
dioxide- trihetohydrindeiie cannot be detected, and is probably 
d siroyed by oxidation. Only about 80% ot he ongmal substance 
Trlloto ictioii although the Meyer titration method indicates 
:::‘:imote“e?; enolic form. It appears that about 40% o( 
the enolised portion belongs to type (n). "■ 

Some Properties ot Benzanthrone. Arthur Gf.oroe Perkin 
(T., 1920, 117, 696^708). 

4 Chloro-l -hydroxy anthraquinone. Fritz Ullhaxn and 

AcHinrE Lnzk7ti (bI., 1920^3, [/I] 826-837) 1 Hydroxy. 

anthraquinone is conveniently prepared by the diazotisation oi a 
solution of 1 -aminoanthraqninoiie in concentrated sulphuiic acid, 
and is transformed by sulphnrvl chloride in the in-csence of nitro- 
benzene at 100° into which, when 

obtained in this manner, can only be freed with difficulty from 
small amounts of dichlorohvdroxvaiithraqninone ; if the chlorin- 
ation is effected in the presence of a little iodine, 2:4-./n-//^rc-l- 
hi/dfo.n/anihmquinone, shining, yellow needles, m. ]). 242^, is 
obtained. The constitution of the substances is deduced from their 
synthesis in the following manner: (i) phthalic anhydride is con- 
densed with ;>-ch loro phenol in acetylene tetrachloride solution in 
the presence of ahimininni chloride to h-rJiloro-'l-h ;i<J ro 
henzmc and, HO‘C,If)iCl‘CO*C,d{ I't’OJI, colourless leallets. m. p. 
202° after softening slightly at lOb'^’, which is transformed bv 
sulphuric acid monohydiate into 4-chloroTliydi'oxyanthi aquiiioii?. 
small, yellow crystals, m. p. 193° (corr,); (ii) a molten mixture of 
phthalic anhydride and 2 : l-dichlorojihenol is conyerted by alum 
iniuni chloride into ‘^•nydirhJuro-''l-}\iidniiif-o-h(iizi)ff}htnzt)h' nniL 
colourless leaflets, ni. p. 204° (corr.). which is then transformed into 
2:4-dichloro-l-hydroxyanthraquinone. m. 242°, in the usual 
maniiei'. 4-Chloro-I hydroxyanthraqninone is readily convertel 
into 1 : 4-dichloroaiithraquinone. m, p. 187°, by phosphorus penta- 
chloride at lo5 — 160° if care is taken to remove the phosphorvi 
chloride as rapidly as ib is formed ; under similar condition'. 
2 ; d-dichloro-l-hydroxyanthraquinone gives? 1 : 2 ; 4 *trich 1 oroauthia- 
quinone, m. p. i85’5° (corr.). The a-chloro-atoms of the hyuroxy 
an^hraqninones may be replaced by the hydroxyl group by treat- 
ment with boric and sulphuric acids at 156 -160°, thereby yielding 
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Yi^ikydroryanihraquinone.^ m. p. 198® (corr.), and 2-chlorol;4' 
^(liydroxyanthraquinone, dark r^, shining needles, m. p. 239°, 
j-ggpeotively. d-Chloro-l-hydroxyanthraquinone is transformed by 
j^toluenesulphon amide in amyl-alcoholic solution in the presence of 
copper and potassium acetat^ into X-hydrnxyA-'^'tokitneMilphon’ 
^{iffutmthvaqumQne, orange-yellow needles, m, p. 197®, which is 
livdrolysed by concentrate sulphuric acid to l-amino-l-hydroxy- 
aithraquinone, dark red, metallic needles, m. p. 215® (Wacker, 

\ , 1903, i, 132, gives 207 — 208°). "IdJhloi'iA-hydroxy-i-^-toJuene- 
^^^liyiQmim'tdwinthraqxm pale red needles, m. p. 198®, and 
A.(yoro-i-(iwinoAd}yfJroiyanthraqvin/y}i.e, wine-red nee<Jles, m. p. 
are similarly derived from 2:4-dichlorO'l -hydroxyanthraquin- 
\dhjdr(yryA-anUinoanthra-<imi\(me^ dark violet, shining 
eaflels. m. p. 161®, is obtained from the monochloroanthraquinone, 
iniliJje. potassium acetate, arid a trace of copper acetate. The 
Muilarly prepare<l 2 - cJdoro - 1 - hydra nj - 4 - an ?// n oan fit raquittotte 
.jY<taUises in dark violet _ needles, m, p. 195®. X[l-//y^/ro7//- 

add is most conveniently prepar^ 
bv boiling a solution of 4-chloro-l-hydroxyanthraquinone and 
aiithrauilie acid in amyl alcohol with anhydrous potassium acetate 
in the presence uf copjier acetate and copper 
Q() otl powder; it forms bluish-violet, shining 

/\/\/\ netxlles, in. p. 272® (corr.; decomp.). The 

p I j I substance is nut transformed into A-hydr- 

\ /\/\/ 0 ! yfltlf}ll■4^l^^tl!i<ilit •'l : Xurruhnu' (annexed 

CO Nil— ' I formula) liy sulphuric acid or ))ho?phoric 

! I oxide, but the conversion may be effected 

\/ by the action of ac.etic anhydride in 

the presence of pyridine, and subsequent 
treatment of the acetyl <ltrita()r> so formed with //-tolnene- 
5 \ilphoiiyU’hloride ; the acridoiie crystalline- in shining, blue leatlets, 
m n 3‘T® and 'dves blue dia<le- on c(Uton from a wine-red vat, 

H. W. 


Condensations at Double Bonds. I. Condensation of 
Isoprene with /i-Benzoquinone. H. von i:rm.n and K. (V 
-ln.<KPHS 0 .v {her., ]02*b 53, j//l 822 •'^2to. When i.s<'|>rene i- 
heated with ono'-ixth to one-seventh of it,- weight of /eb<'n7.o«(uin- 
one i'or live to six liour^ at temperatures ranuiuL: irtuti ]2i*- to I v;-. 

it readilv vields a -frftd’t' f, m. p. 234"'. to 



whu'h the amH‘\e<i fnnnul.i is assignee! (in 
wlbch tlu‘ 2:7-poMtion of the two inethYl 
groups IS umvrtaini. The mechanism of the 
react j(m t- therefore c]o<elv analogous To 
that nf the (vuiilensat ion ol isoprenc to di- 
mot hvl<v' adi'Muv Tb.o sul 'Stance readilv 


unites with bromine in glacial Uixetic acid 
^ohition. yielding the trtra td< , ( H v.tbltr,. m p LM*'*" (n>rr ; 
(lecortip.). Will] hvdroxvlamine, it gives a Juirmc, which com- 


mpiioeii to <ieeonijK)s<.‘ al>ovo 2btt’ . and prol^ablv also a ftiouo rktu . 
Preliminary experimenU show that it restdily oxidise<i by 
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j undergoes very extensive decomposition, 

mangauate, and thereby solution in the presence of 

Beduction by hy g - formation of a substance, 

platinum-black appears to lead to ^ 

CieHseOa- 

rt cmpiop^i”" 

Bristow Saville (A., , 

, Acid The Behaviour of Sabinol and 

Pulegonesulphomc AC Thujone. Otto 

Sabinene S'tlphurous . 

WaLLACH [with G. KEGGELltN,^^^^ ^ 


— , ^ (A'ac/ir. 

vvallal« - S21— 336; from Chem. Zentr., 1920, 

“'hi''“70-r"!<S“‘“'d'''“” " "“I'”* ‘‘"“J 

a .; “flSSSiL,, ,.u., .b.ti;.>.i, 

days at -0 , ,„„(ine-:iiiiii , zinc, letui, hanum, caJmm, 

retain water ( ^ , compounds are described). Such of 

sm.- SE™ . .■<>•'■ “ ■I'-" I'l” 

‘""pnrifiSinol is similarly converted into its s»//>/remc uc«/ at 
Qc (In addition, small quantities of an insoluble, amorphous 
U fin atiui , o' cars to be an ester, ami of 

substance, m. p. " ’ 'cXs ni p. 147-148^ are obtained.) 

aneutralcompo»«</, "Oo% “ . -1 ,„,^,,ed, and liiiallv 

The acid has ni. p. 93 u..satnratei sub- 

iiirre towlrdfbromi.ie or potassium perniaiiganate. Its coustitn- 
t orha! not been defiiiitely elncdated. but its conversion k 
potassium hvdro.xide solution ( .1) into an alcohol, 
'which, after reduction and o.vidatiuii, yields thiijoiie, 
1> n 199 -3000, iiulicates the annexed formula. On 
the other hand, an acid of this constituticm shoiild 
viehl o-thiiioketoiiic acid when caiitioii.sly oxithsed by 
■potassium permanganate, but this product has not l«n 

Sabinol t^TrerLr by hydrogenation in P""' 

the latter being the main prorhict. It is oxicUsed by 

calculated quantity of chromic and in glacial acetic aci( soln i 

to f-thiiione b. p. 203 -2Uo=, D-" 0'90/, »„ 14o0(, 

in 1612^, methyl-alcoholic solution. Potassium 

converts it into a-thujoketonic acid, i deride of 

rotation indicates the possible iireseiice of a third ison 

Jils containing thujone become strongly acidic when 
mainly owing to the formation of a-thujoketonic acid. t ■ 

Homocamphor. Arthur Lapwobth and Frank Aldekt Hoylb 
(T., 1920, 117, 743—750), 


Me 
\/ 
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preparation and Properties of uoAmylcamphor and 
Some of its Derivatives. Martin (J. Pham. Chim., 

1920, [vii], 21, 417 — 425). — A mixture of camphor and 

^vwamyloamphol is obtained by dissolving one atomic equivalent 
(jf sodium in am excess of isoarnyl alcohol, adding one molecular 
^(juivalent of camphor, and heating the mixture at 140° for fifteen 
tours under a reflux apparatus. The mixture of the two sub- 
stances when oxidised with permanganate in benzene solution 
vields isoftnii/l camphor, a yellow, odourless oil, b. p. 165°/ 33 mm., 
0-9272, [a]}’ + 59° (in alcohol), 4-38-4° (iii benzene). Reduo 
ttoiv with sodium in alcoholic solution converts the mixture inte 
^^unpfcamphol, m. p. 25—28°, b. ]). 190°/ 61 mm., 0'96n, 
[a]i>+ alcohol), iso.l mtjlramphiiJ wetnte, a colourless liquid, 
t, p. 169°/30 mm., 0-9402, [a]?/ 4-7'24° (in alcohol), is obtained 
bv acetyl ating tvoamyloamphol. W. P. S, 

Tricyclene. P. Lipp (;?er., 1920, 53, f/J], 769-781)— It has 
been suggested by Seminler that tricyclene i- an iiitermediate pro- 
duct iu the conversion of borjieol or cxoborneol ijito cam phene. 
Since, however, the formulation of this^ substance has been doubted 
w Mcerwein (A., 191 -I, i, 850). although the objer-tions he raises 
lavebeen partly removed by Ruziska (A., 1918, i, 398). the author 
has cnileavoured t-o prcj)are the hydrocarbon from a .-unilarly con- 
stituted suhstanoe, and for thi.s |)iii-[>osc has cho-eii tricyclenic 
[dehvdrooanipben.ylic] acid, the formula of whi(“h ha.s beei/estab- 
lishol with practical cn-tainty by Koinj.pa and llinlikka (A., 
1308. i. 8o2), and by Koit)ni)a (A.. 1911 J. b pj), lie has thereby 
sKceeded iu establi.^^hing dermitely the const iiut ion of the hydro- 
cirbon and in showing that, it i.s readily convt-rlcd l.v sodium 
klrosen suljihate at 160-^ into cam phene, hut not bv zinc chloride 
uknzene solution. Tricyclene may therefore be an intermediate 
■troduct ill the formation of eaniphruie irom burju'r>]. Itijj from 
Ltoborneol. 

All ethereal solution of irii'vdeuvl chloi-ide is converted bv 
ffireoiis ammonia into tricyclenamide, shining, rhombic leaflets, 
IG. p, 117 -118° (corr) (komima and Ilintibka, lor, ,-d,. give 
lU-5b, which is tnin'^fonned by phmjdiorus trudiloride into tn- 
c>irJn;>ilo!i{in}'\ Ic p, 1 h<i ]irjo (^orr.V 
12 mm,, )ii, p. ('.5 Ti' . The latter is 
rf‘iu(‘(‘d by sodium and aboluyl to u nm 'nto^ 
inr^jrliU' (.annexed tonuvii.O, <*olour]es‘^. 
]*ai-atun-like mass, which uu-lf.s with the 
warnilli of tlie hand and Inus V>, p, ra. 
l<)fn lOl' 27 mm. (ihe I, '/■Iro. hlorulf . 

colourless leatlets wldch d<W'.s not melt l^elow 
‘J66°. and the slemler needles. 

E d' h- [slight df^-omiv.l, are dcM-rd t-di Atteiniits to exur 
dlliehase into the corres)^omling i riinarv idcobol bv luran^ of 
wiii nitrite and bydrix-hloric ;v<d'l wen- ui>uco'ssful. au oilv. 

prmlue.t Wing obtained, wludi owed its (onnation to 
'ilHite oi the ring system. The ease with which this ixx’uirs is 


1 I CMe, j 

HC 1 f’H 

\ ^ / 

\ / 



1 . 492 


abstracts of chemical papers. 


further illustrated by the conversion of <„-aminotricyclene hydro- 
chloride into camphenilanaldehyde and ammonia by warming for a 

short time with fuming hydrochloric acid. . 

A more successful series of e.^ierinients has tricyclenic acid for 
cf-irtiiicT uoint The latter is converted by methyl alcohol and 
IVto aofd Into >nefh,l ,nc,,e,a,nU^ ni. p. 380, b, p. 99° (corr.,. 
14 ^ l ntr* 1-46953, which is reduced by sodmm and 

Xl to /rico/of, ^olLless needier, ni. p. 111-112° (corr^ h. 
1410/n mm '{phauibirethane. long, slender needles, m. p. 92-9.'i° 
[corr]; trkgcljl chloride, b. p. 85-88°/14;.5 mm., 81-82'5°, 
1 mm 1 The alcohol is converted by chromic acid in acetic acd 

solution into iricpchl. b. p. '7ri r””! ,?* 

version of which into tricyclenic acid shows that the carbon skeleton 
has been unchanged up to this point {lnc;/clahem>carha:imt 
forms small, matt needles, m. p. 219-^->°0° [decomp.]). TrinpU 
adoe prisms or cubes, in. p. 171-112° (corr.), is prepared by the 
action of hvdrazine hydrate on the aldehyde, and is inverted bv 
an excess of hydrazine into the jnoiioJi yd) which could not 
be obtained in the pure condition; the crude product was there 
fore directly heated at 180- 195= with a solution of sodimii ni 
alcohol whereby it was almost quantitatively transformed into 
tricycleup mixed, however, with small quantities of an unsaturated 
hydrocarbon, probably camphcue. The latter can be removed liy 
treatment with potassium permanganate in glacial acetk acid solu- 
tion thus vieldiiiu ultimatelv pure tricyclene, b. p. 151'6-152' 
(corr.)./736'mm.,'iii. p. 64 -65=. The hydrocarbon is semewliat 
readily affected by potassium permanganate in w'ann glacial acetic 
acid solution, yielding tricyclenic acid and a carbonyl compound; 
the fonnatioii of the former shows that the hydrazoiie fission lias 
occurred in the iioi’iual manner, and al>o tiiat' tlie same ring system 
is common to tncyclene and tricyclenic acid. H. \\ . 

Croton Resin, lb Bokum (Aych. expt. Path. Phtwvi., 19!-j, 
79 , 138— 154),— The ojilical activity of croton oil is due to a re^-iii 
which is dissolved in it. On removing the resin from the oi! by 
extraction with methyl alcohol, the oil becomes inactive. _ The 
optical rotation of a croton oil may therefore sen'e as an indicator 
of its resin content. This resin has already l^en described by 
Dunstan and Boole (A., 1895, i, 680}, but the author gives an 
improved method for its extraction, (’niton resin is a jiractically 
colourless, light powder with no definite melting point. It become^ 
soft, bnt not liquid, at 80 -9U=. It is sparingly soluble in water 
and soluble in all proportions in organic solvents wdth the excep- 
tion O’' light jietroleninr'. The mean iodine value is 76'98. 
rotation of variou.s samples ranged from [aj,, -r49’96= to -i-63'23-'. 
Discordant re.snlts were obtaine<l on analysis and molecular 
weight determinations of different samples; the formnla C-ii-HviOp 
and mol. wt. 6*27 are suggested with reservation. An atteinj’t to 
throw some light on the constitution of the compound failerl. Die 
pha’-macological activity of the resin is similar to that observed 
previously with croton oil. S. S, 2. 
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bite acid) exists in the form of an hydrosol aa a typical colloid- 
disperse system with a negative charge and in character inter- 
mediate between a suspensoid and an emulsoid. It is coagulated 
by heavy metals aiid is further dispersed by salts of the alkali 
metals. The presence of anions changes the surface tension of the 
solutions in the order chi orion< thiocyanate ion<iodion<sulphiou 
<tartration. The hnmulon hycirosol changes iU dispersity spon- 
taueously with time in the sense that the particles become larger 
with a simultaneous increase in the surface tension. In acid 
solutions, the surface tension is smallest, ^ the bite ^ taste least 
pronounced and the turbidity greatest, whilst in alkaline solution 
the reverse is the case. Emulsions exercise a disperaing action on 
humulon hydrosol ; this is particularly the case with gelatin, which 
differs from the other emnisoids in cansiiig a large reduction of 
the surface tensicu of solutions of the humulon hydrosol. Hanc 
ill hand with the chsuigc in the dispersity, a very marked stabilisinc 
of the sol occurs. Humulon is strongly adsorbed hj charcoal froir 
aqueous solution, but less strongly from solutions of sodiinr 
potassium tartrate, AVith decreasing dispersion, the adsorption ot 
humulon increases. The concentration of the sol and the surface 
tension of the solution follow a ]uaraboiic equation of the same 
form as the adsorption law. The power of humulon to form a 
stable foam is in keeping witli its power of reducing surface 
teiisioii and its ad^^orption. The changes which occur in humulon 
on boiling are considered in connexion with the processes occurring 
in brewing, J. F, S, 

Hyptolide, a Bitter Principle of Hyptis pectinata, Poit 

K. Gorter (Bu/i, Jan!, hof, 1920, [iii], 1, 327—3,1'), 

—The leaves of this Labiate are extracted with 95% alcohol; ai) 
equal volume of ivater is added, and after filtering off the chloro- 
phyll, the hitrate is coiicentraled until there crystallises hr/ptulult 
colourless needles, in, p. 8S'.VL [o]jf -)-6'75®. Yield, 
of the leaves. The substance (lisso]\Ts in 50 parta of boiling water 
and readily in most orgauio solvents; it distils unchanged under 
reduced pressure, ft contains a lactone group (hence t^he name) 
and three acetyl groups. After oxidation with silver oxide in 
alkaline solution and hydrolysi.^, four equivalents of acetic acid are 
liberated, the fourth one resulting apparently from the oxidation 
of a leriuinal group CH(On)*(’iL. This group is eliminated to 
some e.xtent aa acetone by steam distillation wdth 10% sodium 
hydroxide, when at the same time an additional carboxyl group is , 
generated. Ihe mechanism of this reaction is represented aa 
follows, where the group 11 contains ^he preformed carboxyl of 
the lactone, 

OlHCRR/<’nrOH)'CH(OJ])*CHMe'OH — ^ 
CRR^;C(OH)-CH:a[e-Oli — > CHRIL-CO'CU-COMe 

CHRR^'C6,,H+C0Me.. 

R^ductmn in alcoholic solution with hydrogen and palladiu® j 
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chloride introducea six atom, of hydrogen, transfornring the com- 
pound C,|,H„M 6 (OAc) 3 <|^'^ into an oil, 

The latter contaius^S^S^^Jf , 

o„ boiling with acetic anhydride Z of grouping; 

eliminate as water, the oCt’ alLlated th^e 

acetyl derivative is an oil. ^^tylated, the resulting t^tra^ 

in^lwine so/ution^fv^^Mtthird Tf *!t Permanganate 

„id.; from water therf S erylnl 'a"' rl 

needles, m. p. ISO-lSP, solubleInTso nlrisTf "1’ 

dissociation constant. 4-2 y IQ- '' Tho rtJ^A 

liquor of th.s acid was .terifL,' thI :ter*d^tXd'‘'' 

hydrolysis yielded aa-dimethylglutaric add CH O 

concluded that the acid CJL,0 mustir^.-fW 

„,ethyladrpic. The latter acid fs^lot anfmritntf 

Itlonir - “-idered ,o be identiclu 'th 

.ethyladipic acd, together wi?h acid ^ ‘"- 

foniiiila for the hexahydro derivative is arrived at following 

OH<;iiyCIL<’IL.fbMe,.KbMe(OIl).|(WoL .fTT 

and for the hyptollde itself : ' 


CH-CMo.v 


G. B, 

Reduction of Elsholtzia Ketono lElgholtzionel \r 

.»» <e. e.„™, 

- nlTpli (A . ,115, ,. 

reduction of which hv the ('!cmoii«cn anti c i ■ 

Kerens methods h.as'been ..nstuve.sf ll^: h'"' 

and hi3 co-workers is rediicrwl 1 ». !,..*• ‘ » »>> Asahina 

iiKliura ethoxide and hydrazine sulphat'^lc^ 'l,U T'o 
,P. 1720 a, in. or TS-lfa. ,5 n.nl j^ots 

feVi^S-"*' ''|Mro,.eniie„' , 1 ^: 

;SnbstituenU in iierillen TH^r Mar'll pu 

^«*terunned. ‘ ' ^ are still 

^ hkmk al Abstil^cts. 


KiTZfininoN Dkan 

'"’0*: soo). 


Stm MV ' ^.■‘r*^«anthone. lUanv 

■\lMn.IAN NlERrvSTElN (T. . lOju. 117_ 
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remove the bufoUlin, and was precipitated with phosphotnngstic 
acid in the presence of sulphuric acid. The precipitate was again 
brought into solution by various methods which are described, and 
extracted with ether. Some anhydrous oxalic acid was then added 
to the dehydrated ethereal extract, when the new alkaloid, hufa. 
iemne, crystallised as its oxalate, (C^;H() 0 N)o,C.>H 20 ^. The author 
adduces evidence for the provisional constitution 


OH^fe•CO 

CH“CH 


>NMe. 


S. S. Z. 


Cinchona Alkaloids. III. Nitro- and Amino-sulphonic 
Acids, Nitro- and Amino-bases of some Hydrogenated 
Cinchona Alkaloids. G. Giemsa and J. Halbkrkanx 1920, 
53, \B\ 732 — 750. Compare A., 1919. i. 342), — The hydrogenated 
alkaloids under investigation are smoothly converted by concen- 
trated sulphuric acid and the calculate<l quantity of nitric acid 
(D 1'4) or nitrate into crystalline nit ro-sul phonic acids, which are 
easily hydrolysed by warm 20®^. hydrochloric acid, and thus particu- 
larly adapted to the preparations of the pure nitro-bases. They are 
readily rfMliiced to the corresponding amino-sul phonic acids hv 
ferrous sulphate in the presence of alkali, and this behaviour h of 
the greater importance, since the amino-hases are not readil? 
sulphoiiated. The amines themselves are smoothly obtained W 
hvdrolvsis of the aminosiilphonic acids. Tlie introduction of the 
nitro-gronp is found to increase the nestative specific rotation of the 
compounds, whilst the amino-grou]) displaces the rotation in the 
dextro-direction ; the latter tendency is strengthened by the intro- 
duction of the sill phonic radicle to such an extent that aiiiino- 
hydroquininesulphonic acid is dextrorotatory. 

The following individual compounds are described; ^-Nitrohydro- 
rupreineMii^phoiilr acu/, coarse, golden-yellow prism?, 

which gradually become green on exposure to sunlight and darken 
at 20-5°, and completely decompose, without melting , above 2kr. 
b-yifraJii/Jroquiiiine.<uJpJionir anhydrous, yellow needhs. 

which are sensitive to light and decomjiose above about 2'*'^' 
[“]? - l'i^2’4^ (in alcohol). (in alcohol and 10% a(|ueuu? 

ammonia). o-.l ((rfif'lh>flhp(]r<)('nprt tn(>^uJphnnu' mid, vellov, 
prismatic needles, sensitive to light and decomjiosing above ahuiit 
270°. ^ it roh pdrof'iiichoi] pliQuu' iU'nI, vellow, microscopic 

platelets or cubes or prismatic rods (-;■ thin. rectaiiLudar 

plates ( -: 2HP), m, p. (anhydrous) 236° (decomp.). Mtrohnh}- 
dnvhm^idmemlphouir arid^ pale vellow, four-sided platelets, decom- 
posing above ra. 270°. S drohpdroruprnne, Cis>H,v,O^N 3 (from the 
sulphonic acid and hydrochloric acid [D M 26]), coarse* reel crystal?. 
m._p. IS2° (decomp.) after darkening at about 180° 5-.V?7ro/iWrn- 
quimne, pale yellow, anhydrous crystals, which are alkaline toward? 
litmus, in. p, 210 -212° (decoinp.) (the vionoiiid phate, golden- 
yellow prisms [ floH.^O] and the dhnlphati\ yellow, ainorphoii? 
povvi.er f -211^,0], are described). yNilrnethp}hpdrmipr(m\ 
alnmst colourless, anhydrous leaflets, m. p, 221 — 223° (decomp.l- 
[«]d -2o 0 4° in alcohol, -222’!° in chloroform, yitrohyh^ 
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yeiloiv, crystalline powdey”'’m“™p. *' 

(Jecomp.), [o]i, — 65'2® in alcohol, -60'4° in chlnrcfn 
yimnokt/drotjuimnesulphonit acid, yellow anhvdr™,^ 

p. about 2270 ^ rarkr.nnr a' aZu^tso’ 

’rrr!’lV 80 °" (-^.P), [ap+lisso ^ absolute 

Jwhol, + lo 8 in a mixture of alcohol and aqueous ammonia (the 
,„onosiill>li<tle, reddish-brown needles [ + 3H„0] or yellowish red 
.siorphous powder j + H OJ, is described). - L,nLcl/,M^^ 
««/, pale yellow needles (e-liP), which be4me 
„ lydrous and lutensely reddish-brown when preserved ove? 
tulpliunc acid. I /roc, 7, 

less coarse, anhydrous need es. in. p. 276° (decomp.). Amh,ahydro- 
nrhmndmcculj^mnc and. practically colourle.ss, anhydrous 
needles, in. p. -.S„ (decomp.). o-Amiiiohydroquiiiine (by hydrolysis 
d the amiiiosii phonic acid or reduction of the corresponding n.t™ 
Jerivative by ferrou.s sulphate), yellow needles in p •>16“ °lRc 
„]»-19-9D° in absolute alcohol,’ - 12o-9° ether (the' 

,-elloiyish-red crystals [ sSlU)], is de.scnbecl). 5-Aniiiioethvlhydro^ 
...lireuie, from '!>•( aminos^phonic acd or the correspomliim nitro- 
OTipouiid. nn p^ 212°, [a]j(' - lG-9,>f° in alcohol, -l",3-8'- in ethc 
identical with the base pre|,ai-ed prcviouslv (/or ,if ) froin tt» 
iio-componiul .1 »„„„/, y, ,.e|ioev, prismatic phiies or 
foloiirless needles, accordiiii; !<> the -olvent u-i-d for crysfal'isatim, 
a. p. ‘21i° H,f 204° in absolute alaihol. Ai,u,ad>/dro- 

c^n,n,,»c. <:o\om es^ needles, 

in absolute alrolio]. * jj ’ 

Hygrine Ali^oids III. Constitution of Cuskhygrine 
conversion of Cuskhygrme into Hygrine. Knir 11^ ami 
Hhxkkii Pink ( Her ., 19-20, 53, |//|, 781 Sng Compare \ 
1513.1, 1378; 1911, i, 199,, Cuskh.vcrinc ha.s teen isolated bv 
i-fbcniiaun ihe li,,„id mixture 

\ ,-CHpCO-CH,,-, '■a'»'s obtaiiie.l i,, the preparation 

Y>f \Y, ami itp in-t-onni of us 

cinpinciii ,-,„„p,K,ti„„ ,,0,1 

I . , , , 01 hvt'i'ic aciii (1-methvI- 

>!-rro,..l„,^-. car ,o.xylic aci.l , ha.s I,,...,, ,a,s,s.„,„,,l 

tjula. Ill which , however, the svmmel ncal an.iu..emeni ami the 
■reteiite ot the second pyrr..!i,l,nc niii,- .•.,n,mt be remr.i,-,! -.s 
itovel, Ihe ant hors now bnug .lei,,,,., evnlem-c to'.sjn.w the 

with benzaWehyde. oxalic or amvi nurUc ami 

ce does not contain the active mcthvlci,,. croup which th • 
‘^^elormula indicates. Fnrther c.xam'ina. mn Ic.i'is , hem to 

].v lb? 

y-CH(COMc)--s ■ aiim*xr^i ftirifiula to the l-aM^. tht*' most 

‘''Me v\f tni lfth'o !(^r w foumio.] 

aNAle on tho ol'.stnvafions til ’IVaulv on ihc 
flciion of nitrio oxulo cm kct<>ut^ in tlic 



498 abstracts of chemical papers. 

. J- ..Hinvide Under these conditions, one mole- 
presence of sodium absorbs six molecules of the gas. 

oule of “ oduct^was too unstable to permit its isoIa 

The yielded the sodium compound of methylene- 

tioii, but, on hydrolysis, y 

diMOiiitroamine, 2 ^ accounts for the absorption of 

the presence of a methyl group^an^^^^^^^ ^ ^ 

four molecules of nda methyl radicle, it 

methylene group ^a present in cuskhygrine, and 

follows that such ^ ^ , remairting molecules of the gas is 

that the ahsorptmn of ^^^XnlTou,. further products of the 
due to the presence . are l-methyl'^-pyrrolidylacetic 

fission of cuskhygnne > ^vhich, after hydrogenation 

acid and a inethoxidc and methyl iodide, gives a 

and treatment with biquaternary iodide (annexed 

, , formula), thus affording convincing proof of 

i J the presence of a second pyrro idine ring. 

T VmoT Additional evidence m favour of the newer 

lMMe,I IxMea i, also provided by the isolation ol 

two isomeric hydrasones, which is impossible if the constitution 
assigned by.Umbermanii be ac«p e ^ converted by hydroxyl- 

Cuskhygnne, b. p. 109- ^ , „,ias, m. p. 53-54=, 

amine into the j Beckmann transformation when treated 

;£\ .di, 
.cM Ti. 

Cmkh!,rjrine-a-h;idrawu,y " is’>-183=/14 imn, 

rJbtehieTtrqlldrari^^^ action of hydrazine hydrate 

r \lcohoh .1^ 

™ly''when) an old and somewhat decompos^ specinien 
Sdrazine hvdrate was ns«t. The a-liydrazone is only ^everted 
by sodimn ethoxide to a relatively small extent into the forre. 
Sondina am-ob b. p. ca. IdoTriG mm., which gives a ,«cm(e long 
nSes, m. p. 18.5= the t3-hy.lrazone, on the other hand, yielded 

WiS b p 9,o-99°/20 nim., the pfmilr of which was fount to 

L identical with that of di 1 inethyl-2-pyrrohdylmethaiie (see 
‘^The products of the action of nitric oxide on cuskhygrine, and 

subsequent hydrolysis of the P^mary compound, were isi. ate 

the Mowing manner: (i) Methyleiiodu.somtrowni.m was id n M 
as the crystaluiie barium salt. CH,,0,NqBa.311,,0, 'vh'ch -as fu 
charaeferied by conversion into the silver salt and the dmielh 
ester m p 134=. (ii) l-Methvl-2-i)vrrohdylacetic af’ul ^^as coi 
vert^ into its cfhf/l estei, coloude<« oil with basic, aromatic odour, 
b. p. 89— 90^/15 mm. {incrafe, prisms m. p, J 
coarse, prismatic needles, m. p. 105—106° after slig i 1^^^, , 
softening), and the latter was hydrolysed by aqueous r - u 

ox!d<^ to l-meih//^-2-j?f^rrnfi(/>/la('r((r ac/fl, colourless crystals, 
are very susoeptilde to the action of air, m. p. 9o° (the in. p. 
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given with reserve, as a suitable solvent for recrystal lisatiou of the 
acid baa not been found), (iii) The basic constituents were 
separated into two fractious, of which that of higher b, p, con- 
sisted of unchanged cuskhygrine, whilst that of b. p. 90--98‘^/ 
mm. was found to be composed of a mixture of bases, which 
pould not be separated by distillation. It did not yield a crystal- 
line picrate, and was therefore hydrogenated in the presence of 
colloidal platinum. ^ The mixture of saturated bases, b. p. 
59 ^ 109^/16 mm,, yielded a picrate, which gradually became com- 
pletely solid, and, after repeated cry.sta]]isation, gave a pure 
specimen of di-l-inethyb 2 -pyrroUdylmethane picrate, m. p, 203° 
(see above). The action of formaldehyde and formic add on the 
hydrogenated bases (which thus coudst of a mi.xture of partly 
deinethylated and methylated di-l-jnethyl- 2 -pyrrolidylmethaues) 
M not give a bomogeneouH product, but a nmre successful result 
vvas obtained by exhaustive methylaiion with stxlium methoxide 
and methyl iodide, whereby the ) •A’-di/nvthiwh'Ic of 
‘)-gvrm/h/y/wir^Aant‘ was prepared in cubic crystals, m. p. 200 ° after 
slight previous softening; it was further characterised by converting 
':t,%y means of silver chloride, into the and trans- 

ormatioii of the latter into the canary- vellow, micro- 

iry&talline powder, which riecoiJi])osed at 200°. 

When an ethereal solution of cusshygrine is allowed to remain 
hr a considerable time in contact with j^olid pota.sdum hydroxide, 
he base undergoes a partial conversion into r-hyyhne (the })jcratc 
jf the latter ha.s m, p. 111) instead of 1(1' [corr.]. after 

softening at 160°, as previondy rcccnnled). brown, vi.-coiis jutxJucts 
king sinuilta neon, sly fori/jo-j, A similar chati.:e is ob-erved w'hen 
cuskhy grille is boiled for some time with aqueou- alcoholic jKUassium 
kdroxide solution . JI^ \Y_ 

Pelletierine and Methylpelletierine. GRom.Es T.^kret i Compt. 
mu/,, 1920, 170. lll^ II'J'M. ■ I he author reaffirms his 
results as to the properties of the two alkaloids, pcdletierine and 
uietklpeiletierine, found in the I'ark of the I'omegranale tree 
(compare A.. 18S*t, -181), and refutes the statements of Hess and 
Eicbd (comjiare A.. 191T. i, ol'I; 191^2 i, :bb fit s as to the nmi- 
edfeiiec of optically active form- of llu-e alkaloid.-;. Ortain salts 
we {le?cribed . 

Pdletimric, [a],, -.'IMA iri\n> a .v((’p/o(b. m. p. 133A 

a /yv^/roe/i/o/vV/r, in, p, M.V , |a2, --W'A ; a h >,^fro’hrimuif, 
137'', [<i]j, -32'5' ; a m, p, S2 a 

iu, p. 131-133"; a /-/nriciWibo-efe, m, p. 2)1- 216°; a 
an ortftjl derivative, b, p. 20 o 210'* -10 mm., 
hu'dlG'; a derivative, («],, - 1S’< ; and a sctniffjrh- 

'^»Avif!rorhlon4f,yn. j). 168 17o\ [aq, - hi'8' , Pelletierine is 

sensitive to heat and to acids and ba.Si---, rauidlv lo^^im* its 
J^'faUctivity. ‘ ■ 

iMetiylp^llptierine. b. ]>, KHi ri)S° b'l nuit.. !«■„ . 27-7A ami 
^tJeous iiolutiou gives a b>j</rm'hioruit ^ m. p. 168 -170°, 
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[ajj, +41‘2'^^ a hudrohromklt^ in. p. 160 — 167^, [aJi>+33'5°; ^ 
■miphate^ [a]pH-38°; a picrate, m. p. 157 — 159°; and a platink 
^:hlori(Ie, m, p. 206 — 208°. W. G. 

The Chemical Isolation of Vitamines. C. N. Myerb and 

^Cakl Voegtlin (/. IlioL Chem., 1920, 42, 199—205). — Autolysed 
yeast filtrate is not a satisfactory product from which to attempt 
the isolation of the antineuritic vitamiiie. The active material is 
readily extracted from dried yeast by means of acidified methyl 
alcohol. From this fraction, an active, crystalline substance cau 
be obtained by using Funk's silver acetate method, followed by 
mercuric sulphate precipitation. This substance becomes inactive 
on drying. The method eliminates purines, histidine, proteins, and 
album OSes. Stachydrine, trigonelline, and allied betaines show no 
antineuritic activity. J. C. D. 

Constitution of the Organic Nitrogen Bases of Califoruiaa 

Petroleum. C. F. MABERvandL. G. Wesson (J. Avier. Ohm. Soc,, 
1920, 42, 1011 — 1030). — A re-ex a mi nation of the basic con- 
stituents of Californian petroleum (A., 1900, i, 533) has shown 
them to consist mainly of alkylated quinolines (or is'o quinolines), 
with a small proportion of hydrogenated derivatives or pyridine 
conipouiids. Ky refraclionation, tho material was divided into 
fractions boiling over intervals of 2- 4° covering a range of 
130— 283°/ 50 — 90 mm. The analysis and mol.-wt, determination 
of one of these agreed with the formula of an alkylated quinoline, 
CjjlIigN, whilst from another an acdd ferrocyanide, derived from 
•the base, was obtained. All the fractions yield pyridine 

penUcarboxylic acid and a methylpyridinetetracarboxylic acid 
when boiled with potassium permanganate solution, and therefore 
■contain at least three alkyl groups, of which the relatively simple 
nature is shown by the absence of propionic, or higher fatty, acid 
from the oxidation products. 3 -ilethylqni noline was obtained by 
distilling with lime the chromic acid oxidation product of one 
fraction of base. A medium fraction yielded a phthalone derivative 
by condensation with phthalic anhydride. The bases are unchanged 
by nitrous acid, but can be reduced to secondary bases, from which 
nitroso-derivatives are obtainable. Thus, a product, b. p. 
208— 210°;90 ram., or was obtained from a 

fraction Un^-uccessEul attempts were made to break 

dowoi the pyridine ring of the benzoylated reduction product by 
means of phosphorus peiitachloride. Definite picrates, platini* 
chlorides, or double mercury salts could not be obtained from any 
fraction, probably because these, although representing a fairly 
satisfactory separation of the bases as regards molecular weight, 
are nevertheless mixtures containing small proportions of the other 
compoiieiiU previously mentioned. A lower fraction underwent 
sulphonation with fuming sulphuric add, whilst a medium lone was 
resistant to this agent, The action of bromine, iodine, hydriodic 
acid, and nitric acid is also described. J. K- 
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A New Series ot Nitrogenous Compounds obtained from 

ps5 U7“«, 

The Addition of 1 : 3-Diketones to Thiocarbimides I 
Acetylacetone and certain Aryl Thiocarbimides. llv,', k 

IVORRALL (./. .! Chfn,.. .So,: 1920, 42, 1055 -1061) - -Acetvl' 
«tane m the form of its sodium salt, reacts at the ordSary 
temperature with thiocarbimides with formation of thioanilhi J 
The a(»tyl group is removed from these compounds by solution in 
cold alkali hydroxide, and acidification at 0“ after some hours 
Both the res^iilting, and the ongiiial, thioanilides give the saTe 
piquets and react very easily with phenyl hydrazine and wi“h 
hydroxy amine, phenylhydrazones and i.ooxazoles being respectively 
produced, with elimination of the siilijhiir atom. Thioihnrrtoa^ etJ 

ClIc-CO-CH(CS-Nl[rhKX.)d'J^ yellow 
107-lOb^ and thioacetoaietyhindule, CIl.-C’C-CH •CS’Niiph' 
yellow plates in. p. Sd o -64-, each give the Jihenyl^-d^azone of 
thioforniaiiilide when treated with phenylhydrazine, and with 

hxlroxylarniiie, 3 - (nnUno-l^ - y/isuo /v/:o/, 

needles, in. p. Ill 


iKi-dle,'?, m, p. 


-1 1 '1^. Tlii.j^iuir/ (nar. ( /f-y, t aim 
ClIAcyCS-Xll-c;H^M^^ 
yellow plates, in. p. IdJ 133 ; ' 

CHoArCS’XH-Cyj.Me, yellow need!., ni j, Gs- i’y- ‘ w ; 

CMeh ll ' o p-ro/w- 

duio-d-meth ifh^oo xu2()l t: y Oef * i 

122—124°; ihw{Ii(ic€t<Kir€ti/l-\)J,rhinoau\li,h , 

CIIAc<yCS‘XJ I •( Vilalii-, 
needles, in . ]> . 137—139°; ih luan / 1 , ), ’ , , ,, , , 

CHoAc-rS-XII-C, ll^Pr, 

m. p. 110- 111°; 3 tJi /inxy ■-/'< 

0<CMe:cii ■' 

,, Hr ' 

wdlea, m. p, l78-180-\ 

plates, m. p. 12.i-12.5-; thmiuu do.,. , , I o toho.l,,: 
m. p. 126'5-~128°. 


/-t'r./f 


i./y 


yellow 
I da toy. 

the latter k 7V ' ""\'''"M’'>'''lure „ l.,dnw that 

'flea carbouvl ehlori, ! "t"" ' ''""'■I, "'’'""s' .Mriurntde, 

Wtoaniline' ill toliiened 'c '>1^ eiiMon of 

and uitmAn l \ ^ im.Ntiue of p tiji rophenvloarlnunvl 

''^““tyor sli hnTh or - =••->1 i ut,..'..! ; a, tli.l 

OXVIII. i.^ ^ '“'‘O'- 'Xinvorted mlo 


u 
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the carbemyl chloride, hydrogen chloride being evolved. The 
pure substance is a valuable intermediate product in the prepara- 
Ln of carbamide derivatives, and, for example, is quantitarively 
transformed by a solution of aniline in benzene into 
phenylcarbamide. 

Removal of Sulphur from Organic Compounds by means 
of Arsenic Trioxide. Walther Herzog {Zeitack. angew. Che?n„ 
1920 33 I liO) — Organic compounds containing sulphur may be 
readily d’esilphurised by treatment with arsenic trioxide. The 
methcxi is particularly suitable for the preparation of oarhirii- 
phenvlimide from symmetrical diphenyllhiocarbamide, which for 
the purpose is dissolved in xylene or other inert solvent and boiled 
with arsenic trioxide under reflux. A. M. 

Orientation of the Nitro- and Arylazo-glyoxalines. 
Fission of the Glyoxalone Nucleus. Koiiebt George Faeguer 
(T,, 1920, 117, 668—680). 

Action of Hydrazine on the Acyclic 1 : 4-Diketones. E. E. 

Blaise (Compt. raid., 1920, 170, 1324-1326).- -Hydrazine acts 
on acetonylacetone in hydrochloric acid solution to give a wm- 
imtrnd, m. p. 52-53°, which is probably a dimeride ol 

the dihydropyridazine expected. 

In acetic acid solution hydrazine gives with *-dipropioiiylethaiie, 
tHethyltelrahydropi/ridazine (I), b. p. 100°/15 imn., giving a 
benzoyl derivative, b. p. 210°/16 mm., and diethyl pijrulazint (II), 
CHj CEt CH CEt 


(I.)CH 




^ y 

CtiEt MI 


(II.) 




V 


b. p. 121 122°/ 15 mm., giving a likiiinichJoruJt^ m. p. 180 lb2^, 

and a pkrate, m. p. 108—109^. 

New Type of Diisonitroso-peroxides. K. J. Vihgin (Dm. 
Upsida, 1914, pp. 63).— l:2:4:5-r^fra//efo-3:6-6?^6e/^zoy/4:5■f^ 

Ay^^^oJ3y/•i^^2^ne [4 : bdikeio-^ : ^dihenzoylA : o-dihydropyridawH 

\'.2-dioxidt\ (A), exploding at 105— 110- 

in a capillary tube, is obtained by warming a'y5^-tetrak€t<>a^-cli- 
phenylhexane with nitrogen peroxide and ether at 25 — 27° for 
twenty minutes; it does not respond to the Liebermann nitroso- 
reaction. The mother liquors contain a small quantity of the 
substance 0 (see below). 1 ; o - Dihydroxy-I : ^.-d^ktiO’% ■ 6- i- 
htmoylA : ^ dihydropyridazine [1 : ^-ddiydroxyA-keto-Z ; Qdihenzojil- 
1 ‘A-dihydropyridazine 2-oxidfi\ (H), obtained from A by reduction 
in cold acetone with hydriodic acid (4 inols.) and a saturated solu- 
tion of sulphur dioxide or with saturated hydrobromic acid, sepa 
rates from acetone in pale yellow needle's, m, p. 128° (decomp.)) 
forma a disodium salt, develops a deep red coloration with ferine 
chloride in acetone solution, yields a diacetyl derivative, yellow 
needles, m. p. 160° (decomp.), and is reconverted into A by bromn^® 
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or nitrogen peroxide in ether or chloroform or by nitrous aoid in 
ether. 1 ■ i-Dthydroxyi-keM : ^-dihemoylA : i-dihydromridazme 
^ obtained by keeping B with ice-cold acetic add saturated with 
hydrogen iodide for two hours at the ordinary temperature and 
(hen adding ^ sohition of sulphur dioxide, separates from 

alcohol in anhydrous, yellow crystals, m. p, 181 182*^ or as a 

^ilraU, yellow, luicroscopic needles and prisms, decomn 
rith ternc chlorjde in alcohol and acetone it develojis an intense’ 
red coloration, which changes through green to violet by the addi- 
tion of water 

(D), obtained by treating an acetone solution of A with concen- 
trated hydrochloric acid, crystallises from a mixture of ether and 
benzene in rhombic plate wntaining 1 mol, CeH^, develops a 
coloration with ferric chlonde, and forms a diacetd derivative 
prisms m. p. lo6— loi 

UiMytIropyndimne (t), obtaiiiMl toaether with its isomeride F 
(Wow) by saturating a solution of B in 80% alcohol with hydro»en 
chlonde at 0 ° and adding ether alter concentration forms velfow 
in. p. 190° (decemp.). 6-ChhmA ra-dihydnuj-i-keM- 


u,( optain«l bv treating E 
nth hydnodic acid, fonns yellowish-broeu plates, m p 04,50 
(dwomp.). i:o-/iilii/dro.ryS-l,rn!,idpyrul(i:i„f (H) 'velinwlsh 
white crystals in, p, 2d9-240o (slight deconip.), is obtained from 
Gill a similar manner. ^.5-Dihydr,j.ni.yk,i,Mfn’yl.l-i-di- 
kdniiiiridawir. (I), needles, in. p. ofiio (.iecomp,), is obtained by 
wjrmnig tl with a solution of hydrogen iodide in aeetic acid' the 
mother liquor, after being neutelised, yields i-.h-dihudroxy-^- 
hnylptiruh:,,,, (J), m, p 2,52 2.53= (dTOimp.), which can Iho 
oe prepared from H, I, and K. 

' f ■ ':‘'"^"kh’md„:,„e (K), rectangular 
platffl, m. p. .3.- -.33 , is obtained by treating F for thirty minutes 
with an acetm acid solution of hydrogen iodide. 4 : 5-/W, g,/ro,r},- 

I'^to prisms, 

‘^ 1 , (mmnanrty/ derivative, yellow prisms, m, p. 

1**7 ' '“''"'g with the same reagent By 

tahiigC with this reagent in a sealed lube for live hours, 4 : 5 -ift- 

P. above SOO® 

derivative, plates, m, p. 213=; dijfid derivative 

limh'"' rvl'' 0 3e-/'hor,5,„„„.a-,a(.(rtr,iilYto-aC'rfib 

fc-Rr'-Vnir ’ oe, be, 5, 

■ratwith'siilnhi' linsiiia. in. p. l.'tn (deeomp.), bv treat- 

'“mai sob, t mi . n ? <>'<-a<'''ent with nitro-gen peroxide in 

® 166^ ^ a drrivalivo. yellow crystals. 

is converted "'in with hvdrtn,-cn chloride in aMia acid 
‘‘iAhasm. p. of 
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^:^o-DibenzoylA:^l:i-omdimo}c^ 

in. p. 105"^, obtained by keeping A in methyl-alcoholic solution for 
twenty-four hours, forms a diphcin/lhi/drazotie, yellow needles, in. p. 
17 i_ 172 ^. Bthi/l 1:2:4; 5-tetrakcto4 : b-dihi/dropyridazine-Z : 6-d/- 
cai'hoxyhiic [cihi/l 4 : 5 -diketoA : [)-(Jikiidropyndazme-Z : ^-dicarh- 
oxyJatc Idl-dimide], m. p. 70^ is obtained from ethyl ketipinate 
and iiitroo^en peroxide in ethereal solution at —15^. 

The dioximino peroxides of ethyl acetonedicarboxylate are dis- 
cussed, and reasons for some types of its reactions are given, base<^{ 
on the behaviour of analogous compounds of A. 

Chemical Abstracts. 

Bistetrazoie. K. Ollveri-Mani^ala [Gazzeita, 1920, 50, 

256—261. Compare A., 1913, i, 1398).— Bistetrazoie exhibits 
great stability, and only by means of hot concentrated sulphuric 
acid or fused potassium hydroxide is it.s molecule profoundly decom- 
posed. When treated with diazomethaiie in absolute ethereal solu- 
tion, it yields, together with a small proportion of the dimeOiyl 
derivative, a compound which is isomeric with bistetrazoie, but, 
unlike the latter, exhibits no acid characters; for this compound 

the structure ^ is tentatively proposed. 

Whereas concentrated sulphuric acid exerts oxidising and hydro- 
lysing actions on bistetrazoie, thus: C.Jl^Nj; -j- 21120 -p 0-3N.ii 
2CO., p2NHy, fused potassium hydroxide decomposes it with foma- 
tion of potassium azide, apparently in accordance with the equa- 
tion CbHoNj — ^2N3TI ! CoNo. This tendency to lose azoimide. 
manifested generally by cyclic compounds containing the grouping 
•N!N‘NII*, is exhibited also by most compounds in which the 

triazo group, occurs; only azirles of the following structure? 

undergo decomposition with elimination of a molecule of nitrogen: 
(i) •CO-CH-N 3 — -CO'C^NH, and (2) iCH-CO-Ns 

:cH*co-x:^:cH*x:co, 

The cryoscopic behaviour of bistetrazoie in aqueous solution con- 
firms the marked ionisation of this compound indicated by coiiduc- 
tivity measurements (/or, cd,). In freezing acetic acid the mole 
cular weight is normal. 

The n^omeridc of bistetrazoie (see above) forms acicular aggre- 
gates of crystals, m. p, 98- 09^, and is insoluble in alkali carbonate 
solution. 

Dimcthylhz'itcfi’i{z<jU‘y CoN^Mct, forms crystals, m. p. 150 — 160^, 
and yields^ nitrogen and niethylarnine when treated! wuth concen* 
trated alcoholic potassium hydroxide. Tho C^NgNaj, dva\ 

karuun, CbN^^Ba.STf ,0. and copper, ChNj^Cu, salts were 
prepared and analysed; the copper and mercury salts explode 
violently when heated. T. H. P* 
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The Structure and Properties of the Compound obtained 
by the Thermal Decomposition of o Methoxyphenyl Benzyl- 
idenehydrazinocarboxylate. Otto Diels and Heinrich Grube 
(Ber. 1920, 53, \Ji\ 854- 863).- In a previous communication (A., 
1914, i, 940) it has been shown that o-methoxyphenyl benzylidene- 
bydrazinocarboxylate is smoothly decomposed, when heated, into 
aiiaiacol and a sparingly soluble, crystalline .substance, ; 

file constitution of the latter is now shown to he represented by the 

(«™iuia chpi.:n-n<“>n-n:chpii. 

The compound is decomjjosed hy protracted heating with a mix- 
ture of glacial acetic and fuming hydrochloric acids into benzyl- 

laeneanizine, Onrh:N-N<^^_J,^, long, colourk-s needles, m, p. 

which is further decomposed by water into ijeiizaldehyde and 
urazine. m. p. 270°. These reactions, however, throw but little light 
on the constitution of tlie .suh.stance. since tlie products could Ix' 
emially ^v'cll derived from a di- or tri-polymeride. discrimination 
between which cannot be efTccte<l by determination of the mole- 
cular weight on account of the very dight solubility of the sub- 
stance More information is afTorded by its mibler tlssion by means 
of phenylhydrazine in the presence of dime thy land ine. which gives 

risotothe c<nn}i<mn‘K niPh:X‘X<^J?j>X-XH „ rolourle‘:s, crystal- 

U powder, m. p. ‘Job 255", and phenvH nuvUdeiiehydrazine. 
The presence of a free amino-group in the former shown l>y its 
('onvei'sion into a monnfnrnryJ derivative, shining crv'-tal', m. p. 
XS" and a compound, colourless pearl v leaflets, m. p. 

'69° as well as bv condensation with lurfnraldehvtio and anis* 
iklehvde with tho^ formation of ./errhv/^'r, (bJl. O X,. ]>ale brown 
■jrhTns, which decompose* without meUiiig at 251 alder darkening 
it'ltrband GjJfj/bXv colourless rrystal^ in. p. 272 273° to a 

reldbhdjrown liquid ’after Iwoming yellow at . The cluso 
Tektionship of the amine to the parent <^111 - lam-,, i- ^hown l>y its 
re-oonvcrsioti into the latter when ladled wiGi benzaldehv<le r.l 
dimethvlaniline solution in an atmosphere of carl on dio\ide. The 
amine or its fonnyl derivative is converted bv boiling aqueems 
potassium hydroxide st>lutinn into ilil'enzvli'b-ncearlrfdivdrazide. 
CHFh:N‘NlT'CO-Xn-X:(’nPh. wlucli when <2a.iined in thi'^ 
manner forms small, canarv-yellow leatlet-, m p. Id** ; wlum, how- 
ever, the compound i^' |>reparcd by miviu: ah. ludio '<dutioiw ot 
carbohydrazide and henzaldchvde in the U'-ual manmm, it is 
obtained in colourless lealVts. The same b/r,'/?,?'', <'>dour1c'Ss, silky, 
leedfe.m, p, 180- 190°, wdtli yellow cMdoraiio;- ,v':, r ofKuiug at 
is ohtaineel hv the action of buniic a. 'id ,'n cither varietv. 
awl this is converted bv alkali nr bv luMt ra'db (’Volution ot formic 
icid) into the yellow mrwbTicaiion, rre<'i*udv ' ■mdar (observations 
vith the /meb/fe are rrcordfvl, t’rvslallographiCillv, th" nu’^liiica- 
tbus are identical with on|' another, and tlu'v •how the same 
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melting point since the colourless passes into the yellow^ variety 
when heated. 


Isomeric Phthalylhy dr azides. Frederick Daniel Chattaway 
and William Tesh (T., 1920, 117, 711-7-0). 


Artion of Benzyl Alcohol on Albumins and Ferments. 
J^^A OBSON (Cl/. ren4. Sac. Biol 1920 255-256; from 

rhem Zentr 1920, i, 783).-Be.nzyl alcohol precipitates egg- 
albumin and peptone even from solutions containing one p^t in a 
million, and the precipitates do not redissolve in distilled water. 
Benzyl alcohol has a retarding action towards pepsin, pancreatiii, 
the rennet fenneiit, the souring ot milk, and brewers ye^t. 


Temperature Sensitiveness of Saccharase (Invertase). H. 

VON EiaER and I. Lauhin (.Irtec Ah,«. l/i«. Geo?., 191i 7, 

24 1 30 Compare following abstract).- In© temperature- 

coefficient of inversion by saccharase from yeast has been deter- 
mined in solution of acidity = 4-5. f 
Arrhenius’s temperature formula is found to be 10o00±500 for the 
range 0° to 20*^ and this can be taken as the inversion constant 
over this range! At temperatures 20^ to 52^ a smaller value, 
8800 ±400, is obtaine^l. The inactivation of yeast at the optimum 
acidity has been determined over the range 50° to 65 Heatiii. 
yeast for one hour at 59° reduces the activity of the saocharase hy 
one half. The inactivation constant at this temperature i& 
k ^5x10-3 For P„^4 o, the Arrhenius formula applied to the 
inactivation' gives a constant 101000. The inactivation of 
saccharase has been determined for = 4, 5, and 5’ 7 over the 

range 42° to 55°, and it is shown that the minimum temi^rature 
sensitiveness lies at acidities " 4 — 5, that is, at the acidity of 
optimum enzyme activity. The Arrhenius constant is greatest in 
this region. The temperature sensitiveness of separated invertase 
is very little different from that in the yea.=:t cells. The cell appears 
to exercise a slight protecting action, which allows the non 
separated invertase to be heated to about 1° higher than the 
senarated product. The inactivation temperature constant is a 
little greater for the separated invertase than for the non -separated. 
Invertase from bottom yeast has a smaller tempenafiir© sensitive- 
ness than that from top yeast. The difference amounts to about 
2° that is, the invertase from bottom yeast can be heated 2° higher 
than that from top yeast. The greater stability of bottom yeast 
in comparison with top yeast is not due to the presence of a pro- 
tecting substance in the former, because the addition of the liquid 
from bottom yeast to top yeast does not increase the stability of 
this substance. J. F. S. 


Influence of Temperature and Acidity on the Formation 
of Saccharase. H. von Euler and 0. Svanrero (^Arkiv. Kcm. Mth. 
Geol., 1917, 7, No. 23, l—32).--Th^ dependence of saccharase 
formation on the teonperature and acidity has been investigated. 
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It is shown that for yeast a well-defined temperature optimum for 
saccharase formation lies between 26° and 30°, and that at 35° no 
further formation takes place. The saccharase formation is 
strongly dependent on the acidity of the solution. The maximum 
formation occurs practically at the same point as the maximum 
activity of the enzyme. At a greater acidity than = a dis- 
turbance of the sa<x;harase is noticed, but even at acidity — 7 
a. strong enzyme formation occurs, which is about 90% of that 
observed under the best conditions of acidity. The saccharase 
content of fresh living yeast is not changed by ten hours’ washing 
with water at 10°. J. g. 

Diphenylarsenious Chloride and Cyanide. (Diphenyl- 
chloroarsine and Diphenyicyanoarsine.) Gilbebt T. Morgan 
aud Dcdley Cloete Vining (T., 1920, 117, 777-783). 

OrganO' derivatives of Bismuth. III. The Preparation 
of Derivatives of Quinquevalent Bismuth. Fheoerick 

(!flAi.Lf:.N'OKK and Akchibald Edwin Goddard (T,, 1920, 117, 
76:1—773). 


Physiological Chemistry. 


Liquid for Determining Specific Gravity of Blood. 

H, IlAHTinnGE (yVoc. I'hj/iiio!. Sor., 1920; ./. Phy^id., 1920. 53, 
iKjaiii).— Lyle's golden syrup made up with water to D 1-080 is a 
^ood substitute for the usual glycerol .‘solution. A few o.c. of 
formalin .solution should }>e added as a preservative. J. C. D. 

The Neutrality of the Blood. W. RAvi.!as (/, Physiol, 
1920, 53, 162 179). — Intravenous iujeefion of acid in sufficient 
quantity to neutrali.se half tlie bicarbonate in the blood does not 
increase the hvdrogen-ion concentratjoji of the plasma. The chief 
raode of compensation is by in(.■rea^c in pulmonary ventilation, and 
consequent decrea.=e of the carbon dioxide of the blood. Keual 
excretion of acid, ami ammonia pr(vi action in the liver, do not 
appreciably come into play in short experiments. Injected 
alkali is Jiot so readily neutralise-d. The chief agent in this ca.‘^e 
appears to be excretion of alkaline urine. The protein*? of the 
plasma play no perceptil>le part in the maintenance of neutrality 
between the limits of hydrogen it)*) concent ration pos'^ible in the 
living organism, namely, below 10 * or alwve 10-’^ normal. No 
evidence was obtained that either sodium bicarlx>nafe. serum 
proteins, or both together convey carbon dioxide from the tissues 
to the lungs. Thus the only fuiiction of the sodium bicartwnate 
ill the blo^ is to regulate the hydrogen- ion wncentration, whilst 
under normal condition| the only function of the proteins is to 
give a colloidal osmotic pressure and a moderate degree of viscoeity 
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to the plasma, 
concentration 


A simple method ot delenniniiig the hydrogen-ion 
of blood by means of indicators is descnbed. 

J . L/. D, 


The Reaction and Carbon Dioxide carrying ^ 

Rlood I T H. Paksoxs (J. Plnjstol, 1919, 53, 4-— 59).— By 
rt!™»fiMl calculation, it is determined that a system composed 
rSo ISde a„d ’one other weak acid with a fixed total 
lount of sodium distributed between then has a carbon dmx.de 
Ts-sdltion curve ideutical with that of blond Ihe protems of 
the blood constitute the second weak acid, which shares with 
daAon dioxide the available sodium. The whole of the combined 
Srbmi dioxide of the blood is in the form of bicarbonate, but the 
roteins present in the blood confer on it a property which pure 
Wbonite solution does not possess, name y, that of ormiiig an 
eXieut carrier for carbon dioxide. In the blood, the avail- 
aWlity” of the sodium is regulated by the pro e.iis in such a way 
that the carbon dioxi.te tends to lie expe led at lower tensions, so 
that an efficient transport of gas is 


The Colloid-free Filtrate of Serum. A. R. Cushxy {J 

Pk,/dol.. 19-20, 53, 391 -- 39 S).- Wlicn serum IS filtered throiigh 
collodion membranes, the filtrate contains most^ of the crystalloid 
components in the same proportions as ,n the original senmn The 
onlv exceptions are calcium and poasiblv magnesium, which pass 
the filter in a lower concentration. Therefore the non-colloid con- 
stituents, other than these two elements, are ni simple solution in 
serum, whilst part of the calcimn and magnesium is probably in 
some form of combi nation with tne |'rotein>. 

Metabolism of Carbohydrates. J. Hf.witt and ,1. Pbvdb 

(Proc. Ph'isiol. Svi-., 1919; J. Ph'j^inl.. 19'20, 53, Ixv; fiom 
Phudol It.sfr.. 1920, 5. 79),- -Experiments on the steiw 

chemistrv ct certain carboh vdiraUs in the alimentary canal indicate 
that the a- and 0-tonns of glucose are not present in » 
equilibrated aqueous solution. 

Nitrocenous Equilibrium and Absence of Vitamines. A 

Df.sgrez and fl. Bimiav ft'mn/d. niul.. 1920, 170 , 1209— I'lllb 
—With a deficiency of vitamines, rats can be kept, for a certain 
time, in nitrogenous equilibrium for varying proportions o 
albumin, fats, and sugar-, in a ration ?iipplying sufficient eiicrgv. 
The miiiiraiim of albumin, fat, or sugar permissible is controlled 
bv the chemical nature of ibe particular class of nutrient, and tM 
rkio of the oilier two cla.-ses yire.seiit. The minimu.m of nitro- 
geiious nutrient ne<'esriai'y isi reache<l when a sugar is 
suffident amount in the ration. '' ■ • 


Carrotinoids and Fat-soluble Vitamine. b. S. Palmer 

(Science, 1919, 50, 1 — 2; from Al>sfr., 1920. 5, 92).^i ^ 

author di.sagrees with Steenbock's hypothesis as to the identity o 
carrotene and fav solulde .1. Tii many cases the relation brea 8 
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down, and chickens have been raised to maturity on diets free from 
oarotinoids. Further, certain oils (for example, cottonseed oil) 
rich in carrotiiioids, but are destitute of the fat-soluble 

J. C, D. 

The Behaviour of Basic Bismuth Nitrate towards Dilute 
Acids. F* Bock MANN [Arch. Exp. Path. Pharm,, 1916, 80, 
146), — Experiments were instituted with the object of ascer- 
taining whether basic bismuth nitrate is capable of neutralising 
acids To nitric acid of known concentration, basic bismuth nitrate 
was added in excess and shaken for a couple of days at 18° The 
bismuth, as well as the total acid content of the filtrate, was then 
eg{imate<b On the assumption that the bismuth was present in 
the filtrate as the normal salt, the free acid was calculated by 
lifference. The H-ion concentration of the above filtrates was also 
determined color! metrically. From the results obtained, it was 
concluded that at an acidity similar to that which prevails in the 
stomach, basic bismuth nitrate does not possess any neutralising 
capacity. 

The Effect of Injection of Guanidine on the Creatine- 
content of Muscle. 0. M. Wishart [J. Physiol, 1920, 53, 
,j 4 Q.__ 44 r;). —Intravenous or sulx'utaneoijs injections of inorganic 
salts of tfuanidine cause an increase in the creatine content of 
luusclos. The bearing of this observation on the theories of 
iTcatiue formation is (liscus--ed. J. C. D. 

The Formation of Adrenaline. F. Kvonp {Brr., 1920, 53, 
i/fl IIG'—TIS). — A further contribution to the controversy with 
re'^ard to the mwle of fonnation of adrenaline in the organism 
(fompare Rosenmund and Dornsaft, this v{j]., i. 56, 327; Knoop. 
this vob, i, 161). H. W' . 

The Chemical Nature of the Bee’s Poison. hERoivAND 

Fu’EV (dre/i. E.rpt. Vnth. Pharm., I92i). 85. 319 339).- -The 
a\itlior carried out s^une invest [[ration- on the protein-free poison 
holated by I.anger from the jmison sa<' of the Iw, It wa.s found 
that the principle was a luuse of coiiifdicat^^! con.stitntion. By 
of digestive ptwes^es, a considerable fraction of a lipoid 
' .ature was obUined from it. The following were the products of 
lydrolysis wdth hydrochloric acid: (1) a ring compound of the 
fliole series; (2) choline: (3) irlycorol ; (•!} phosphoric acid ; 
(j) palmitic acid ; (G) a high molecular, non-cry stallisable. un- 
atiirated fatty acid; (7) a vobitib' fatty acid, presumably butyric 
jidd; ($] and a nitrogen-free fraciion. The latter fraction was 
’iiiud to lie the pharmacoiogicallv active principle of the liee's 
dson. According to the metluxl of isolation, it can l>e obtained 
^^heras a neutral (impound sparingly soluble in water or as an 
soluble in water. The author exprea.ses the opinion that the 
^5 poison in the natural Mcrction is jiresent as a ccnnplex 
^pound in combination with lecithin and a basic fraction. 

s. s. z. 
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Tho Nature of Excreted Arsenious and Arse^ Acids, 

GeTL JwJhimoglu {Arch. Exp. Path. Pharm., 1916 80 , 8-24). 
-The author shows that, on adding sodium araemte to weekly 
alkaline urine and extracting it with alcohol, amemo can be estab- 
UAed both in the alcohol and in the residue He therefore main- 
that Salkowski is not justified in concluding that the arsenic 
Zd ?n an toholic extract' of urine is of an organic nature. The 
irthor further criticises the vanous methods employed for the 
e^toation of arsenic acid in the presence o arsenious acid, and 
considers that results obtained by such methods are not valid. 
He shows, on the other hand, that by meana of el«trolysis in 
alkaline solution, arsenious acid can be established with “Mainly 
in the presence of arsenic acid. Employing this method he 
demonstrates that by injecting subcutaneously arsenic acid in dogs, 
at least 16% of the arsenic is excreted in the nnne as arsenious 

s. s. z. 

acirl. 


The Nature of Excreted Arsenious and Arsenic Acids. 

E. Salkowski (Arch. Exp. Path. Phann., 1916, 80, 231 235, 
319 320); G, Joachimoglu (ihid., 317 — 318). — Polemical in refer- 

ence to Joachiinoglu's criticisms (see preceding abstract) on 
Salkowski’s earlier work. S- S- 2- 


Influence of Adsorbent (especially Colloidal) Substances 
on the Separation of Uric Acid and its Salts from Super- 
saturated Solution. Rudolf Kohler (Z. klbi. Med., 1919, 88, 
14; Zentr. Biochem. Blaphya., 21, 354— 355).— In connexion with 
the work of Marc and with reference to the observations of Idcht- 
witz, the author has studied the influence of colloidal and other 
adsorbent substances on the separation of urates from super- 
saturated solutions. The conclusions deduced by Marc are essenti- 
ally applicable to uric acid, hifl the retarding action is relatively 
small. This action applies only to the beginning of the separation 
and varies in a parallel manner with the adsorbability ; its magni- 
tude depends on the amount of substance which is added and the 
reciprocal value of the degree of supersaturation. The insignifi- 
cance of this effect is explained by the facti that uric acid in solu- 
tion (also its salts) has such a iironounced tendency towards super- 
saturation that the influence of the colloid has little relative value. 
Contrary to the view of Lichtwitz. the author does not, therefore, 
attach much importance to the action of colloids in holding crystal- 
loids in solution in the urine and other fluids of animal origin. 
Colloids are superfluous, or at least of secondary importaii^, in ?o 
far as an explanation of the great solubility of uric acid in fluids 
of animal origin is concerned. Chemical Abstracts. 

The Elimination of Taurine Administered to Man* 

Carl L. A. Schmidt and E. G. Allen (J. Biol. Chevi., 1920' 
42 , 55 — 58). — Estimations of neutral sulphur and amino-acid 
nitrogen in the urine of an individual to whom had been 
10 grams of taurine per os show a close agreement, which indica cs 
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that taurine » not eliminated as taurocarbamic acid (Salkowski, 
this Journ., 1872, 1033; 1874, 1129). Administraticm of taurine in 
laT^'e doses does not result in any marked changes in the excretion 
of urea and ammonia. J. C. D. 

Excretion of Quinine in the Urine. M. Nierexstein 
(Extract from Observations on Malaria, War Office, 1919, pp. 
j See this vol, ii, 456. 

presence of True Mucin in Certain Urines. Ch. 0. 

GuiLLAUifiN (-/. Pharm. Chim.^ 1920, [vii], 21, 337— 342).— The 
author has detected the presence of mucin in two samples of urine,’ 
both of which were distinctly acid in reaction. W. P. S. 

Urochrome. J. 1 \Iellanby and 0. J. Thomas {Proc. Physiol. 

1920; -7. Physiol.., 1920, 53. xcvii). — The pigment of urine is 
reaiUly absorbed by animal charcoal of gocal rpjality. After wash- 
in(T the charcoal with warm water to remove traces of other urinary 
coustituente, the pigment is removed with ,5()% alcohol containing 
O'd'Io sodium hydroxide. After neutralisation with sulphuric add, 
the fluid is concentrated, and the greater part of the sodium 
sulphate removed by crystalli^’^ation. From the aqueous solution, 
the pigment is precipitated by alcohol, washed with ether, and 
dried in a vacuum. The pigment- may be [uj rifled further by 
repeated reprecipitation. It is a brown, amoiqffious ))owder, very 
sduble in water, but insoluble in the usual organic solvents. It 
shows no characteristic absorption bands. The arjueou.s solution 
slowly dialyses through parchment, Xo deilnitc evidence of its 
metabolic significance has yet been obtained, but its excretion is 
roughly parallel with that of creatinine. J. C, D, 

Physiological Radioactivity. H. Zwaarukmakkr (<7. PhystoU^ 
i9‘10| 53, 273 '-289. Compare A., 1917. i, 211). In a large 
lumber of srstems, the potassium ion may, as regards function, 
be replaced by all the other radioactive elements, the heavy ones 
as well as the light ones, provided the doses are equiradioactive. 

When applied simultaneously, the substances emitting a-rays and 
{hose emitting jS-rayg are reciprixvally antagonistic. 

Potassium is (as a bearer of physiological radioactivity) for 
many celb a stimulus, which r*an restore and sustain function when 
it is brought in contact with the surface of the cells as a free, 
diffusible ion in the circulating fluid. A free radioactive radiation 
can take the place of poUssium when previous! v the potassium is 
omitted from the circulation. J. C. D. 

The Theory of Narcosis. K. vox Kx,\kfi, Lexz { Arch , Exp ' 
hth,}^harm., 1919, 84, 66- 88).— -The surface tension against* air 
paraffin, and the partition coefficient in oil and water of the 
^neous solution of various narcotics were determined at 10^, 20^, 
30^. The alterations in the surfa<» tem^ion, both against air 
paraffin, at the different temireratures were not proportional 
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to the narcotic potency. A better agreement could be establi8h?^] 
between the partition coefficient and the narcotic potency, and tho 
author therefore maintains that Traubes objections to the Upoi,] 
theory of narcosis are not jxistihed. The influence of the vapour 
of volatile narcotics on jellies was also studied, and it was 
in contradistinction to Traube's results, that not only do the 
vapours not promote imbibition, but they produce the opposite 
efiect, S. S. Z. 

Relation between Chemical Constitution and Physio, 
logical Action in Local Ansesthetics. I. Homologues of 
Procaine. OLiv>m Kamm (/. Amer. Chem. Soc., 1920, 42 
1030 — 1033).^ — See this vol., i, 4S2. ^ 

Carbon Monoxide in Tobacco Smoke. H. Harthidue 
(Froc. Fh^^siol. Soc., 1920; J. Fhpiol., 1920, 53, Ixxxii)..— p}]p 
positive results indicate the possibility oi there being in a heavv 
smoker a condition of chronic carbon monoxide poisoning. 

C. B. 

Toxicity of Some Inorganic Substances to Paramcecium 

N. McCleland and R. A. Petkrs (/Voc. So(\, 1919- /' 

Physiol., 1919, 53, xii). — There is a slight suggestion of a periodic 
rise and fall in toxicity with increase in molecnlar weight- thu< 
vanadium-manganese-iron-nickol-cobalt-ealciuni. also silver- 
cadmium-tin-mercury thallium(ic')-lead, seem to form such a 
series. The most toxic metals arc bivalent. J. 

Chemical Constitution and Physiological Action. The 
Toxicity of some Organic Metal Derivatives and some 
other Organic Substances. X. 1McClkl.\nd and W. A. Peters 
(/. Physiol., 1919, 53, xv), the relation of chemical constitution 
to physiological action was tested by toxicity tests on Pimivmm. 
These preliminary experiments indicate that primary compounds 
are less toxic than secondary, that aliphatic compounds are les^ 
toxic than aromatic, and that arsenic coin pent nds are less toxic than 
tho:je of antimony, j (' ]) 


Chemistry of Vegetable Physiology and Agriculture. 


Fermentation Characteristics of certain Pentose- 
destroying Bacteria. E. R. Fred, W. R. Peterson, and Aumiey 
Davenport (J. Biol. Ohem., 1920, 42. 175— 189).-The average 
limit of growth in the yeaat-water medium was approximately 
^3 3 6 to 4 0 in the case of xylose, dextrose, galactose, sucrose, 
kevulose, and lactose. Mannitol was decomposed more slowly, aoii 
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a about 4' 3. Acidity measurements and observa- 

tion of the volume of gas liberated give no idea of the amount of 
carbohydrate fennented. The pentose sugars, arabinose and xylose, 
form on fermentation more than 20% of normal acid, divided into 
Itiiost equal amounts of lactic acid and acetic acid. Rhamnose 
not attacked by these organisms. The aldo-hexoses, dextrose 
(ralactose, yield acetic acid, lactic acid, and ethyl alcohol, but 
i]ie acid formation is sjuall as compared with that observed in the 
{eriueutation of the pentose sugars. Mannose ferments more 
flowly than cither dextrose or galactose, and yields nearly equal 
uanbties of volatile and non-volatile acids. The ketone sugar, 
IsYulose, is rapidly reduce^l by tlie pentose-fermenting organisms 
(o form mannitol, volatile and non-volatile acids and carbon 
dioxide lacing formed at the same time. The chief disaccharides 
all fermented, hut- never completely, Raffinose and melizitose 
are iwt attacked. A number of other substances were examined. 
Maiiintol, glycerol, salicin, and xylaii are slowly decomposed; 
^culin, starch, iinilin. cellulose, succinic, tartaric, and citric acids 
are. not attacked, whilst pyruvic, lactic, and malic acids ferment, 
triviiig rise to closely related acitis. J. C. D. 

Sensitiveness of Yeast Fermentation to the Value. 

jl vox EcLmi and S. llKiNTZE [Arkiv, Kan. Min. GcoL. 1917, 7, 
Xo 21, 1- -21).- d'he fermentation of sucro-e azid dextrose by 
vead ba^ been investigated at 28 ' in the pre-sence of hydrochloric 
"adtl of varying concentrations with the object of ast'ertainiug the 
dependence of the rate of fermentation on the /% value of the solu- 
tion. The value wax deter joined by Sorensen s indicator 
method, and the velocity of fermentation i)y direct measurement of 
the volume of carbon dioxide evolved in a given time by 200 yeast 
>!ls. All experiments were carried out at 2S". The maximum 
docitv of fermentation lies at and this is also found when 

ead-water or asparagine is added to the fermentation mixture, 
.Itlioimh in these ca.'^es the velocity is very niiich greater than in 
dutions which contain no absorbable nitrogen compound. The 
idative maximum vehxnties, ex|'resnHi in c.c. of carbon dioxide 
evolved per hour, arc: solutions without adde^l nitrogen com- 
pouiick 75 c.c. : solutions with a-qiaragine, 131 c.c.; solutions with 
veast-water, 187 c.c. Oxalic acid and cliromic acid in concemtra- 
tions \l\^ to 0-025A do not art as vezist ]'l.^i^ons, as has l;>een fre- 
fpeutly stated, In szdniious of livdrm'hloric cU'iil up to O'OLV, 
tile lull lipju'e of the chloriiir ions is unimportant, as also is the 
iiitltieiicp of the non-it>ni.se<l molccuh's, lud with weak organic acids 
ttf luiuissociatctl molecules plav a auoiderable part. J, F. S. 

liitrogen of the Cyanogen Group in Fertilisation. R. 

■Wn /(*. A caul. Am erf, 1920, [v]. 29. i, 206~-2l0b-'lu 
/re?eiioeof suitable ttutrient stilwtatuvs, -.ucli as dextrose, jjotassluni 
'J’wide ill roiuvnl rations of the order of 0 05’b .serves as uitro 
S^5&uunitriment for micro-organisms of various kinds. 

T. H. P. 
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The Properties of Colloidal Systems IV. Reversible 
Ge^tion ia Living Protoplasm. W. M. (Proc. Boy 

w 19^0 rPl, 91, 196-201).-By means o suitable optical 
a“a’ugeme.’its giving an intense dark-ground ilium, naUon, ,t is 
pStible to see that the apparently clear pseudopodia of Amoeba 
LTfilled with numerous very minute particles in Brownmn move- 
ment This affords further evidence of the hydrosol nature of 
Se protoplasm. By suitable electrical simulation, this sol can 
brCe^sibly changed into the gel state, the chanp being shown 
£ the sudden cessation of the Brownian movement, which re^m- 
mences when the stimulation is stopped. w. 

Formation of Starch in Green Plante- G Ravkkna [Atti 
B Ucad. Lined, 1920, [v], 29 , i, 148-150).-PolemKal^ ^ 

Hydration Effects of Amino-compounds D T. MacB^'oh 

and H A Spoehr {Proc. Hoc. hxpt. BwL 19 1 9, 17 , 33 36, 

C AlJr., 1920, 5, 102).--Expenmente made on the 

welling of agar and plant gums in solutions of ammo-^ds, both 
te the presence and absence of proteins, show that when the ammo 
acid is one which dissociates strongly, the swelling is less than m 
water. The reverse also holds. The concentration of hydrogen 
ions is not the only factor. • ' • 

Distribution of certain Chemical Constants of Wood over 
its Proximate Constituents. W • P; - 

1920 12 472 4T6),— About one-half of the furfuraldehyde- 

yielding Koups in redwood (SeyiioM sempervirens) is associated 
with the cellulose, and only a small amount with the lignin. The 
acetic add-yieldiiig groups are associated with the cellulose and to 
a small extent with the lignin, wliibt the iiiethoxy-gioups are 
^ociated entirely with the lignin. 

Calthapalustris. . E. Ru issns- (Arch. Kxp. Palh. Pharm..im 

QO 173 183). — The cheraicAl nature of the active pnninple ot 

Caltka jHiIusfrU (marsh marigold) was investigated. On distilling 
the aqueous e.xtract of the fresh plant with sodium rarbonate m 
steam, only ammonia was obtained. The auUior then had recourse 
to the potassium bismuth iodide method of precipitation employed 
by Jabns. The only base obtained in this way was choline. By pre 
cipitating tlie extract with pbo-pholiiiigstic acid and 
the various fractions agaui, only choline was eeUMished. ine 
author concludes that the trac«.s of alkaloids and alkaloidal s 
stances rireviouslv observetl in extracts of Caltha pal us f ns we 
choline. ■ 

Fat-soluble Vitamine. VI. The Extractability of 1^ 
Fat-soJuble Vitamine from Carrots, Lucerne, and leHow 
Corn by Fat Solvents. K. Steexbock and P. ^V. Boutiie^ 
[with Mariana T, Sell and E. G. Gross] (./. Chan., 1920. 

42 , 131—152;.— Fat solvents, such as ether, chloroform, and 
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<jarbott disulphide, remove little or none of the fateoluble aooeesory 
factor from carrote; alcohol and benzene, however, remove consider- 
able amounts. Ether, benzene, and alcohol all removed a con- 
siderable proportion of the vitamine from lucerne. The superiority 
of aioohol as an extracting fluid is also demonstrated in the 
oxaraination of yellow maize. The vitamine extracted from lucerne 
alcohol resists hydrolysis with alcoholic potassium hydr- 
oxide in the cold, and can be recovered in the carrotene fraction of 
tiie unsaponifiable matter. The xanthophyll fraction is practically 
inactive. J- C. D. 

Occurrence and Reactions of Anthocyanin Colouring 
(patters of the Beet-red Group. Fekdinand Kryz (Oesterr, 
(Jhein. 1920, 23, 55 — 56). —Members of the beet-red group 
of authocyanins (Weigert, A., 1896, i, 387; Hilger and Mai, 

496) occur in the skins of fuchsia and cacti berries, and in the 
petals of scarlet cactus blooms. Fuchsia anthocyanin is insoluble 
in ether, chloroform, carbon disulphide, and arnyl alcohol, but 
gives a carmine solution in acidified acetone or amyl alcohol. 
Potassium hydroxide or ammonia produces the characteristic yellow 
coloration, which becomes reddish with excess; organic acids or 
coucentrated hydrochloric or sulphuric acid, a blackberry-red 
coloration, not destroyed by heat; nitric acid, a red coloration, 
jilow on warming; sodium carbonate, a dirty reddish-yellow 
>loration, bright yellow on warming; sodium hydrogen carbonate, 
blue (x>loration, green on warming ; mercuric chloride, sodium 
ydrogen sulphite, or bleaching powder, a light yellow coloration. 
?actus bloom anthocyanin is soluble in water, methyl, ethyl, and 
iddified amyl alcohols, and in glycerol, but insoluble in ether, 
'Moroform, and carlwn disulphide. The details given in regard 
to the effect of reagents on it are very similar, exoept that the last^ 
mentioned reagents cause tlecolorisatiou, slowly at the ordinary 
temperature, immediately on warming. The colouring matter from 
red beet also gives these reactions, and is soluble in cold acetone. 
Wing cactus blooms apparently contain two anthocyanins, because 
16 reddish-yellow extract obtainnl with hot acetone exhibits slight 
fences from the above protlucts. whilst the red aqueous solution 
f the residue gives ail the above reactions. J. K, 

Proteins from the Georg^ia Velvet Bean, Stizolobium 
bseringianum, Carl t). duuvs a ml Hexhv C, Watermav (J. 

1920. 42. 50- 60), The Georgia velvet bean contains 
l-J'STiOf ])rolein (X k 6'2.5). About of protein is extracted by 
S’ci aqueous sodium chloride. Hv fractional precipitation with 
Himonitiia sjulphate, and l)y Mil supient purification of the fractions, 
globulins, !le.signate<l a and 3. inav Iw separated, in yields of 
about 3 ami 1'2.VV> i'esf>ectivtdv, ,-\n albumin may also be isolated 
ifl yields of alwut 0'7r>'7>. When analy»e<l by Van Slyke's method, 
•he three proteins show marked differencee. There is apparently no 
I'^tophaii in the /^globulin. J. C. 1). 
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Exosmosis of Acid Principles and Sugars from the 
Orange. G. Andb6 (Compt. rend., 1920, 170, 1199— 1201),_ 
During exosmosis, the ratio of the citric acid to the total sugars, 
reducing and non-reducing, which have diffused out remains con- 
stant Similarly, the ratio of sucrose to reducing sugars is fairly 
constant, but in considering this ratio it must be remembered that 
inversion of a portion of the sucrose occurs during exosmosis. 

W. G. 

The Proteins of Green Leaves. I. Spinach Leaves. 

Thomas B. Osborne and Alfred J. Wakeman [with Charles S. 
Leavenworth and Owen L. Nolan] (-/. Biol. Chem., 1920, 
42, 1—26).— By diluting the thoroughly ground leaves with 
one or two volumes of water and ceiitrifugalising the extract 
at high speeil, a solution of leaf proteins may be obtained. 
From this, impure protein substances may be precipitated by the 
addition of alcohol. This fraction is considerably purified from 
pigments and other substances 1)y extraction with alcohol and ester, 
yielding a nearly colourless product containing about 14% of 
nitrogen, calcailated on the ash free substance. At least 40% of 
the total nitrogen of spinach leaves is contained in colloidal protein; 
about one-third in substances which are soluble in water ; and a 
comparatively small part in chlorophylh phosphatides, and, pre- 
sumably, nucleic acid. There are reasons for believing that certain 
of the constituents of the cell exist normally in the form of com- 
plexes. Examination of spinach leaves dried by warm air below 
60^ showed that their com posit ion closely resembles that of the 
fresh leaves. 

It is possible that the protein of the spinach leaves is in some 
form of combination with a sul)stance of a pentosan nature, but 
confirmation of this has not yet been obtained. J. C. 1). 

Action of Hydrogen Cyanide on the Organism of Plants. 

Jules Stoklasa [Cof/tpt. rend.. 1920, 170, 1404 — 1407). — Micro- 
organisms offer a considerable resistance to hydrogen cyanide. 
Exposure to an atmosphere containing 2% by volume of this gas 
for twenty-four hours at 13-11'^ only slackened the development 
without stopping it in the case of B. ^uhiiln and B. mfsenterkm 
vulgatm and certain phycomycetes. TdU^fia trittei was, however, 
completely destroyed by exposure to such a concentration for 
twenty-four hours at 16°. Such an exposure in no way injured 
the germination of wheat, barley, or beetroot seeds, provided the 
seeds were freely ex])osed to the air for three days and stirred 
frequently before germination. W. G. 
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Relation between the Refractivity and Density of Carbon 

Dioxide. I. Philups (Zrac. Soc., 1920, Ml 97 225 *^401 

-.The dei^ity and refractive index of carbon dioxide have been 
detennined at 34 under such conditions as allowed a gradual 
changes density from 073 gram/cm.^ downwards, with the obieS 
of testing the validity of the Lorenz and Lorentz formula The 
experiments were made by means of a small Fabry and Perot 
etalon, and the density values were deduced from the total amount 
of gas used and the volume of the containing vessel From 
measurements with the mercury lines 5790 5461 and 

43,75x10-*, It IS shown that the reciprocal of the Lorenz and 
Lorenta constant is a iinear function of the scpiare of the density 
For the wave length 5461 x 10- *, the relation between the refractive 
lute and the density is 1^ = 6-581 +0-1130p’. 

J. F, S. 

Maxwell’s Relation between the Refractive Index and 
lidectric Constant and a Method of Determinine lonir 
raargesin Crystals. .\t. Bohs {$,!:, au„ber. Pn-uss. Aktd IF, 5. 
krW 60.-61.3,,- -On the. s,.acc.latticc theory of the author 
IS shown that the product of the ionic charge' and the wave^ 
iii»th of the iattice-vibratioii in diatomic crvstals may be expressed 
y the difference where 1) is the dielectric constant and 

the nearly constant value of the refractive iiide.x between the 
hotf. and long-wave infra-red specific frerpiencies (- Eieenschwin- 
aiigei. ). By comparison with the wav,-le„g,lis of the residual- 
as (- Reststrahle" ), an appro.ximalion to tlie ionic charge ia 
, blamed which is iii moderate agreement with that of the el«tm- 
rlioioiis. j p 

Capacities Dielectric Constants of W 

aaJ rl' 1 » ■ nnalogou.s relation lietweeii rellectiiig capaatv 
dielectric constant was cnfrnied in the ca.se o fwemvl ■! 

fdaiioii, which is'explaiM^''l"''** cn'it'cly different 

^•fAeabnonnallv Id'l Tl ' ‘ P“t 

'‘"■“f the electric dfnolt ‘"'iftt*- 

etectric dipoles assumed to «i.st in the iiioleoiles, 

osviii, ii, *'■ 

14 
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Reflection Capacity and Dielectric Constanta of some 
Amorphous Substances. H . Bubens {S^lzungsher. Prems. Mad. 
m- 1916 1280 — 1293).— Measurements made on fifteen 

Itpb- ,n.i.ly si™. M ft-,, to 

X red radiation of long wave-length the reflection ^paciUe, 
are in close agreement with those calcnlatod from ® theory 

frl the dielectric constants for slowly varying fields Anomalous 
dispersion in the region of Hertrian waves could not in any case 
be detected. 

Optical Properties of some Crystals in the Long^wave 
red Stipctrum. I. and II. Th, Liebisch and H. Rubens 

{Sitzumjshen Preiiss- . 1^8-219, 

876—9001 —I The reflection capacity of doubly-refracting crystals 
between the wave-lengths 22 ,i and 300 p, and the connexion 
between the electric and optical properties were determined, The 
results enable the fre<iueiicy and strength of the corresponding 
vibrations in the spacolattice to be calculated. , • . 

II Forty eight crystals of different systems, excluding tnclimc, 
were' exannued iu the manner described iii the previous abstract. 
The positions of the optic axes , in adulana and gypsum were 
determined for ten different wave-length.s, and the gradual change 
of these axes in the direction of the axes of greatest and least 
dielectricity was found to be in agreement with the electromagnetic 
theory. 

Critical Study of Spectral Series. V. Spectra of the 
Monatomic Gases. AV. M. Hicks {PinL Trans, 1920, [.4], 220, 
335-468. Compare A.. 1910. li, 86; 1012, ii, 512; 1913, ii, 810; 
1915, ii, 499).- A theoretical paper in which the series relation- 
ships in the spectra of neon, argon, krypton, .xenon, and radium 
emanation are examined mathematically. A table of spectrum 
constants, in which the most important numerical factors are con- 
tained is t^iven in the paper. The value of the oun in the vanoiif^ 
cases is neon, 14-47013; argon, 57-9209; krypton, 249-536; xenon, 
611-0100; and radium emanation, 1787 024. J. F- b. 


Excitation of the Band Spectrum of Nitrogen by 
Electrons of Feeble Velocity. Lkox Bloch and Euoksk Block 
{Compf. rend., 1920, 170, 1380— 1382).— From a spectrographic 
studv under special conditions, it is shown that it is possible to 
excite the radiation of nitrogen with a critical potential of about 
10 volts, the band spectiiim thus being excite<l by electronic shwk 
under a voltage decidedly lower than the potential of lonis^ion 
(18 volte). 


Measurements of Wave-lengths in the Spectra of 
and Xenon. Paul W. Merrill (Bur. SiandardSf Bull, 1919, 1 , 
251—257; Taper No. 345), —This paper records photograpluc 
measurements of wave-lengths in the spectra of krypton and xenou, 
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priucipally in the red and infra-red. In krypton thirty^seven new 
lines were measured between 0076 A and 8928 A; in xenon fifty- 
two new lines between 6318 A and 9162 A. In this region there 
are numerous strong lines which are probably among the most 
important in the spectra of these tdements. The xenon lines at 
3231 A and 8280 A are especially notable. These and other lines 
may ho of value as wave-length standards in the infra-red. Atten- 
tion is called to a probable analogy between the spectra of the 
rare gases neon, argon, krypton, and xenon that this investigation 
lias brought to light, which is shown in the tendency of the lines 
to form groups the position of which apparently has some relation 
to the atomic weight. Cukmical Abstracts. 

Absorption Spectra of Metal Ammine Complexes. III. 
Absorption Spectra of Complex Salts of Nickel, Chromium, 
^d Copper. YtJJ[ Shsbata and K, Matsuno (/. Coll. Sci. Tokyo, 
19’iO, 41, 6, 1 "37. Compare A., 1919, ii, 381; this vol., ii, Ul). 
—The absorption spectra of a large number of chromium com])iex 
aiuuiiues, complex sulphates and oxalates, simple chromic salts and 
complex iferchromic denvatives have btujn jneasured. Similar 
measurements have been made for nickel am mines, simple nickel 
salts, complex pyridine copper denvatives, copper ammines, and 
simple copper salts. The complex chromic compouiu).s are shown 
to be stable in aqueous solutions ami to give generally two or three 
sharp absorption bands, lliey are in every wav coin])arable with 
the complex cobalt derivative as regards the absorj)tion spectrum. 
The com]dex nickel eompomni.s are generally unstable in aqueous 
sokitions; the absorption >pcctra were, therefore, (ielennined m 
aramoiiiacal solution. They exhilnt, in every case, two absorption 
bauds, but the absorption is much less .‘Strong than in the case of 
the metals previously examimHl. Tlic ab.sorption of the complex 
nickel compounds follows the saine laws as that of the complexes 
of chromium and cobalt. Tin* complexes of copjicr arc the most 
labile in aqueous solution, and the union exerts some inlluein^ on 
the absorption in this case. They give no bands, but there is 
general al>sorption in both t)ie retl and violet, ends of the .spectrum. 

J. F. S. 

Ultra-violet Spectrophotometry of the Nitrophenols 

FiiroViis f nmpt. nu<( , \<OK 170, I2l2-)2f:>),- -The sjw- 
trutti of the nitrophenols in the region studied. .\- 25<'»mp (o the 
Visible spectrum, is mn.stitmed in general hv thnx* elements, 
taely. (Ij an ah.solutely constant haml tiue' to the alisorptioii 
"ithtt iiitr^gruups; this band apjiears to be formal In’ two com- 
(2t a liand sometinn's uncertain, due. to the jdienolic 
(3) a band inferior to tlie region and the origin 

J"!™ IS problematical. The mnstitution m wave-length.s of the 
of a compound will be given bv the eliaraeteristms of the 
£ ^^‘^ponents, slightly imxlitied 'hv (wtlieient.^ which will 
i oil the stereochemical properties of the wmpomid. W. G. 

) .1 O 
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Absorption in Respect to the Properties of the Nitro- 
phenols. Fred Vifis [Compt. rend.^ 1920, 170, 1316—1318).-^ 
A coutimiation of previous work (preceding abstract) in whicb it 
is shown that it is possible to calculate the absorption spectrum 
curves of the uitropheiiols simply from their constitution and the 
properties of their constituent groups. W. G. 

Abnormal Rotatory Dispersion. G. Bruhat {Ann, Pky&ique, 
1920, [ix], 13, 25 — 48). — The first part of the paper is a mathe-* 
matical discussion of the general conditions which a spectropolari- 
meter should satisfy. The second part is a study of certain 
coloured tartrates, uraiiyl tartrate, didymium tartrate iu 
aimnoniacal solution, and the cobalt tartrates. The results 
obtaiued confirm Katausoii s law and the law previously enunciated 
by the author (compare A., 1915, ii, 302, 503). \V. G. 

Photochemical Activity of Absorbed Radiations. Chr. 
WiNTHER [Danske Vid, Sehk, Mtdh, Fhj/s. Medd., 1920, 2, No, 3, 
1 — 35; from Gheni. Zenir.^ 1920, i, 722). — The law of critical 
activity explains the peculiar fact observed by Warburg (this vol., 
ii, 210) that the specific photochemical elTect is of the same order 
of magnitude for a series of very dissimilar processes. By its aid, 
the sensitiveness towards light of a particular reaction can fre- 
quently he approximately estimated when only its temperature- 
coefficient in darkness is known. It also affords a ready explan- 
ation of the generally observed small temperature' coefficients cf 
photochemical processes and of their increase with increasing wave- 
length, and also indicates the possibility of chemi-liuniuescpiice. 
It possibly also explains the empirical observation that a process 
is more susceptible to optical sensitivatioii for a given wave-leimth 
when it is least sensitive to this wave-length, U, W. 

Energy changes during Photochemical Reactions in Gases. 
IV. Iriiluence of the Wave-length and Pressure on Photo- 
chemical Ozonisation. K. IV'arbukg {SiUungsbcr. Preim. Ahd, 
Wiss, Berlin, 1914, 872— SSo. Compare A,, 1911, ii, 834; 1912, 
ii, 315; 1913, ii, 652).— The amount of ozone produced in o.vvgeii 
by ultraviolet light of wave-length O' 253 /t is smaller, per calorie 
absorbed, than with light of wave-length 0'209 n, It is smaller 
under a pressure of 300 kg. per &{p cm. than under a pressure of 
125 kg. per sq. cm. Both results are iii contradiction to Einstein's 
law of photochemical equivalence, which requires considerable 
modification to accord with e.xperiment. Of the original assump- 
tions oi Einstein, 0) that only one quantum is absorbed, (2) that 
all absorbing molecules are decomposed, the first may for the 
present be retained, but the second may be modified by as-suming 
that only a portion of the absorbing molecules are deconq)Osc<l. 

J. R. P. 

Energy-changes during Photochemical Reactions in 
Gases. V. Absorption of Ultra-violet Radiation by Oxygen. 

E, Warburg {Sitzvnijdjer. Akd/l. Berhn, 1915, 

230 242) Between pressures of 30 to 400 atni,, large deviations 
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from Beer's law were foimd. Tie molecrular absorption of oxygen 
increases appreciably with the pressure, The increase is greater 
for the shorter (0*209^) than for the longer (0*253^) of the waves 
used, was greater in pure oxygen than in mixtures of oxygen 
and nitrogen. The deviations are explained by a theory of K. 
Angstrom (ArUv. Math, Astron. Fysik, 1908), according to which 
they are due to molecular collisions, and are represented by 
formula, j. R. p. 

Energy- changes during Photochemical Reactions in Gases. 
VI. Photolysis of Hydrogen Bromide. E. Warburg {Sitz- 
mgaher, Prems. Alta<i. If'vM. Berlin, 1916, 314— 329).— The 
photolysis of hydrogen bromide by the wave-lengths 0 209 p and 
0'253/ji follows Einstein's law of photochemical equivalence' the 
photochemical action per unit of energy absorbed increases with 
the wavelength, and nearly in tlic ratio required by the theory. 
The law can hold only when the work required in the decomposition 
of the molecule is smaller than the quantum of the decomposing 
radiation. This relation is fulf!!le<l with hydrogen bromide with 
the two wave-lengths used, but is not fulfilled in the photolysis of 
iiimionia by the wave-Iengdii O' 209 n and of o.xygen by the wave- 
eiigtli 0-2o3/<. The deviations found in the last U'o cases are 
herefore explaineci, J. R. p. 

Energy-changes during Photochemical Reactions in Gases, 
fll. Photolysis of Hydrogen Iodide, E. Wariiuhg {Sitz- 
vigsher. Pr^iiu. A huh /irrlin, 1918, 300-^-317).— The fulfii- 
neiit of Einstein s law of photociierniral equivalence was demon- 
itrated with hydrogen iodide with the wave-len»th> 0-207 n. 0*203 u, 
iiid 0-282 ‘ ^ j. R. P. 

Energy changes during Photochemical Reactions. VIII. 
Photolysis of Aqueous Solutions and the Law of Photo- 
chemical Equivalence. E. Warul ru (Si( :u7hiih<‘r. IVen.^s. A had, 
Ihrli/i, 1018, 1228 'Aqueous solutions of nitrates 

of alkalis and alkaline earths are convened bv photolysis into 
nitrites. The sfiechic [)ho}o<diernical ad ion is considerablv treater 
in weakly alkaline than in weaklv acid solutii’n-. increases with the 
wnceiitralion of nitrate, and is greater tor diorier than for longer 
wavc.q in contradiction to Kiudein's law of j)hotochomical 
equivalence. J, R. P. 

Energy-changes during Photochemical Reactions. DC. 
Photochemical Transition of Isomerides. E. ^\'iRlu*Ra 

Preui^s. A hid. /hr, bn. 1919. 060 974V-.^.The 

converdon of maleic into fumaric acid under the intluence of wave- 
htigtlis 0-207 fi. 0-253 /t, and 0 282 /t in aqueou.s solutions was 
studied. The results indicated that the extension of the law of 
photochemical equivalence (ace U , this vol. ii. 404) does not lead 
0 quantitative results, but serves as a guide to the theoretical 
>»teq)retation of the experiments. J. R. P. 
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Photochemical Dissociation of Ferric Chloride. Ernesto 

PuxEDDU (Gazzetta, 19‘20, 50, i, 154 — 161).— Exposure to direct 
sunlight of a dilute solution of ferric chloride in pure anhydrous 
ether results in almost instantaneous reduction of the salt to 
ferrous chloride. No reversion of this reaction occurs in the dark, 
the chlorine liberated during the reduction being completely used 
np, partly in chlorinating the ether, apparently to a mixture of the 
dichloro-'aiid trichloro-derivatives, and partly in oxidation processes, 
with formation of aldehydes; the latter undergo polymerisation to 
some extent. 

In moderately concentrated ethereal solution, ferric chloride is 
slowly reduced to a mixture of ferrous chloride and a brownish- 
black organic iron compound coutaininn: 2-8'"^. of the metal, and 
only if this compound is gradually removed is complete reduction 
possible. T. H. P, 

The Disruption of Atoms by a-Rays. G. S. Fulcher 
(Seif nee, 1919, 50, 582— 584).— Tn Rutherford's recent papers on 
the nuclear hombardment of light atoms by a-particles, he fimU 
that the ranges of the swiftly accelerated nitrogen and oxygen 
atoms correspond fairly closely with tho'C to be expected if tlie 
swift particles consisted of the singly charged nitrogen and oxygen 
atoms. The author points out that this requires that the other 
outriding electrons should aceompanv the ]')arent atom in its swift 
motion, which is open to twofold objection. First, a velocitv 
approaching 10^ cm. sec."’ could not l>e imparted to the electrons 
in less than 10"’^ sec. The strength of the field not being great 
enough to overcome the inertia of the electrons, thev would he left 
behind initially. Secondly, admitting that the frst contention is 
wrong, the author believes that the outriding electrons would soon 
be brushed off by the large nurnln’r of atoms encountered in the 
long range of flight. As an alternative, the po-sibililv is suggc?to:l 
that the nitrogen atom, presumably composed of hydrogen airl 
helium atoms, is entirely disrupted, and that the particles observf-l 
hy Rutherford are reallv doubly charged helium atoms rr 
a-particlcs. The additional energy iiecessary to give them a ran^e 
greater than that of the initial bombarding a- part ides would come 
from the internal energy of the atom in the moment of its disrup- 
tion, and the phenomenon would couslitute a tv])e of artificiallv 
produced radioactivity. One diffcultv of the author's assumption 
is to account for the large number of Particles which take the same 
direction as the initial a-|)ariicles. He believes this difhcultv will 
not prove insurmountable. Examinat ion of the e hn value of the 
particles will determine whether Rutherford is correct. 

ChKMKAL AnSTR.\CTS. 

X-Ray Spectra of the Elements. K. WninoTNoTON (Fl'd- 
Marj., 1920. [vi], 39, 694 — 696). -A theoretical paper in which th? 
speed of the electron (c) carrying the same energy as the a lines m 
the K and L spectra of the elements is shown to be fairly well 
represented by tne formula v-f , y r D, where A js the atomic 
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number of the element and G anH n 

the series. For the K series = ® determined by 

/, senes (iV- 15)108 cm /sec Tli ^ cm-/s^., and for the 
o(.r-2) and ^.xIO-8 and f^-T^^ ^><10-8 and 

the K series (nine elements) and in thl '•espectively, in 

when a very fair agreement is nb ain^ 

J. F. S. 

Tli 0 Fine Structure of ypow o ^ 

(Compt. rend., 1920, 170, 1245-'l24fi^ ^^Roolie 

A' ray spectnun of tunasteu fcomnArp i\!; ^ 

that the rhcJium speorrum i,Xfns a J ''A’ I’’ fo’^nd 

two components, for which eft -0-0006 AifgsTrtm. 

S“," "T™ u *- 

:;rs.s:r.,-c,“ £ -t/- ?» 

for oharactenstic radiation which Tni^ThM/r^^ carefully examined 
short wave-lengths fonnd ],y Blrk a " V °f 

wa^ found that could not lie attributed" radiation 

,.i, « ,™, a, i„, „ 'kSi™, 

cimiSi “'S“ ? ““ 

(Wn/-«m/ Rev , 1919, 14, 516- -, 501 , n , ’'■«'«-FuH-nu 

tineiicies in the /ir-.series for the dement-*^ absorption fre- 
dowii to manganese (.V=- -Jo) „-ere rnei , bromine (A’ =^35) 

other data, it is shown that for the ' A"”'? <bose and 

maffnp?inin the squai ■e root of thrcrdIcafZrr' '™"' 
lioear function of the atomic nnmber V ->ot quite a 

to .several units Ifowever, the critical 

rromtheriuantiim relation .In , ai calculated 

J] .. ‘ relativity 

abut one-fifth ’* linear with .V to within 

tHKMrcAL Abstracts. 

Chmfcll Elem?nte“ W^iT^tv^'^nl the 

ffo'.. 1919, 14. .029 , 5 --f, T|! " ' (P>m,cal 

ferpfioii fre<|nenci,.s fo,- the elemr.nt'"'/''"'' T'’"/" '''’ 

were made, The v - " f <« "eon 

frevinenev witl, ' j ‘ """‘ the ^|, root 

Thisisalsotrucof ^ ' ''? 

— i ..iluaneaud 

C n EMI CAL Abstiucts 
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These four elements were chc^en because, in the case of nickel and 
cobalt the atomic weight and atomic number are in reverse order. 

’ Chemical Abstracts. 


Crvstallisation of a Radium Barium Solution. Clarence 

E Sc^noLL (/. Amer, Chem-. Soc., 1920, 42, 889— 896).— Crystal- 
lisation of the systems radium chloride-barium chloride and radium 
hromide-bariiim bromide are considered theoretically and a 
number of experiments based on the theoretical results described. 
On coolin<x a saturated solution of the chloride from 100° to 0°, 
one-half o1 the total chlorides separates, whilst one-third of the 
bromides ^enarate under similar conditions. The concentration of 
radium in any dish in the positive direction is given by 
where C is the concentration, .1 the known concentration of the 
dish at the start, K the factor of enrichment, and n the number cf 
recrystallisations. The concentration of any dish ui the negative 
direkon is ^A>{X - KY^ j (X -IY\ where A' is the inverse 
fractional proportion of the total weight of material occurring as 
crystal and m the nnmher of crvstalli sat ions in the negative direc- 
tion. In the case of the chlorides, 50 % of the material separates 
from 0'5A-hvdrochloric acid solution, which gives a factor of 
enrich, „ent of 1-62. Hence C^.lxVG" and C"=lx0-4». 
CrystallisincT ?o that the crystals move one dish forward and the 
liquors two^dishes backward, a concentration is effected as follows: 
if TO he the radium concentration of the starting dish, that of the 
fifth dish to the right has a concentration of lO'G. whilst the eighth 
dish to the left has a concentration of O’ 02 6, In the bromide 
system, one-third the material separates from saturated solution? 
of 0’33A-hvdrohromic acid, and the enrichment factor is 2’49. 
Hence C = A x 2’49« and x0-25'». Crystallising so that the 

crystals go two dishes to the right and the liquors three dishes to 
the left,\he followincr concentration is obtained. If the radium 
concentration in the starting dish be TO, then the ninth di«h to 
the rii^ht has a concentration of G2. and the ninth dish to the left 
ha,s a "’concentration of 0 - 016 . Hence the bromide system i? more 
efficient than the chloride system. Several other systems are 
described. 


Concentration of Radium and Mesothorium by Fraction^ 
Crystallisation. .John L. Nierman (J. PhysKal Chem., 1920,24, 
192 200). — A number of crystallisations of barium bromide con- 

taining radium bromide and mesothorium bromide have been 
carried out in neutral solutions and in solutions in hydrohrojme 
acid of various concentrations with the object of asrortaiiimg tiie 
conditions under which the optimum crystallisation factor b 
obtained. By crystallisation factor, the author understands tiie 
ratio of radioactive bromide in the crystals to that in the substance 
before crystallisation. The results show that this factor is ni 
dependent of the concentration of the hydrobromic acid. ^ 
crystallisation factor is given for various percentages of ^ 
separating; thus, when 24-3% of the salt separates, the fac or 
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2<43, and this decreases with increasing separation to 1 * 44 , when 
0 - 0 % separates. For concentrations of raesothorium up to' 2 mg. 
per gram of salt, the crystallisation factor remains constant. The 
separation of mesothorium and radium from barium can be carried 
out advantageously in either neutral or dilute acid solutions of the 
bromides. All measurements of activity were made by means 
the J, F. s. 

The Conductivity of Permutite Mixtures. V. Rothmund 

G. Koenfeld {Zcitsch. anorg, Ckern., 1920, 111, 76 77),— 

Polemical A reply to A. Gunther-Schulze (A., 1919, ii, 490). 

E. H. B. 

Form of the Conductivity Function in Dilute Solutions. 
Correction. 0. A. Kraus {J. Avier. Chew, ^oc., 1920, 42, 
190 -991. Compare this vol., ii, 217),— Several of the equations 
)revious]y published have been corrected, J. p. g. 

Electrolytic Potential of the Change Nitrite Nitrate + 
Hitric Oxide. The Energetic Relationships of the Most 
(mportant Compounds of Nitrogen with Oxygen and 
hydrogen. Hans Pick [Zcitsch. FAe-kirochem., 1920, 26, 
[8:!-I96).--A theoretical paper in which it is shown that the 
lormat potential of the change 2X0/ — > NO -r at 25° may be 
calculated from the electrometric measurements of Moore (A., 
19i:t ii, 467). and the value +()-49 volt obtained. This value is 
also obtained from the cheiuical measurements of the equilibrium 
of the decomposition of silver nitrite (Abegg and Pick, A., 1906, 
ii. 333). Using this normal potential, the equilibriiim measure- 
muU of Lewis and Edgar (A., 1911, ii, 264) for the chemical 
.decomposition of nitrous acid into nitric oxide and nitric acid the 
jcnerjetic relationships between the substances NO/. NO/, NO.' and 
{I\U are calculato<i for 25°, and the results expressed“ Ls normal 
poteDtial.s. From^ thermcKlynamic relationships and from equil- 
i'tiniiin data ])reviou.dy published, the energetic relationships are 
deduced and^expressed as normal ]^otentiaU 'for the substances N.,, 
LO. XIIj, NH/, NO.,, N.,0^. The normal potentials thus calcu- 
.#Ure compar^l with known chemical and electrochemical data 
iiid found to be in good agreement. j. g 

Photoelectric Investigations with Salt Solutions. Torstbn 

I 'OX (Arkii\ Knu. Mui. t/co/., 1917. 7. No. 19, 1—142).— 
_anp of h.M.F. oauvsioiml by illuminating one side of a 
1 the type Pt |so]n.‘'so}n, | Pt.‘ by ultra-violet light whilst 
er half is dark, has been measured for solutions of potassium 
‘bait chloride^s. cobalt ammonium sulphate, nickel, cobalt, 
nes?. chrounnm, zinc, magnesium, copper, and potassium 
^5. Milphuric acid, hydrfH'hlorie. acid, mixtures of potassium 
and sulphuric acid, potassium ferrievanide and 
Wfi Inxlroxide, and potassitnn fiUTocx’anide, potL-^sium ferri- 
and potassium hydroxide. All measurements were made 

14 * 
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over prolonged intervals, and the solutions f ^ 

7 ^ nitrotyen The measurements were made both with the 

illuminated and unilluminated. It is shown that in most 
electrode 1 towards an indifferent electrode changes on 

c" depends on the nature of the salt, and 
'j^:^‘the iUummati:n“lases,’lhe E.M.F chang.« in the dir^t.on 
of the value which the solution previoiisly possessed. Both positive 
and negative changes of E.M.F. are observed, and, in conseqnenw, 
maximl and minima, as well as inflexion points, are found in the 
potential-time curves. The theoretical formula 
E = pliLBI{hL + k^)[l - pkiL^BJ(!c^L^ + lc,)[\ - e I'nM] 

hM been tested hv the results obtained with the simple salt solu- 
ti„dtimd I be generally obey«l The nitrogen used is 
shown to have no other effect than that of a stirrer and the photo- 
electrical effect is shown not to be due to the formation o ozone or 
hvdrwen peroxide. The illumination of the electrode is also mi- 
nLesW for the production of the potential change. In the ca.e 
of nickel sulphate; the effect of the light intensity is shown to he 
in accordance with the formula 

E = pkLB {kL + 4i)[l - « ' «']• 

The effect is either proportional to the concentration or entirely 
independent of the coneentration. depending on the relationship 
between the concentration and the intensity of illnminatioii. 
Experiments with mixtures of potassium dichromate and sulphiinc 
acid showed that the potential increased on illnniination wlnls 
with the substances alone it decreased. In the mixtures the effect 
was at first neimtive. but soon changed to a strong positive effect 
Here also the ^illumination of the electrode is without effect, and 
the change of E.M.F. is occasioned by the ultra-violet light wave:^, 
which are absorbed by glass. The change of E .M .F . in these cases 
is independent of the concentration, but depends on the composi 
tion of the mixture, the maximum effect being obtained with a 
solution containing 75 mols. of potassium dichromate. He 
E.M.F. returns to the original value when the light is remove<i 
with a velocity which depends on the composition of the solution, 
and ’s greatest for pure sulphuric acid. Solutions of potassuim 
ferroevanide in alkaline solution, on illiuninatioii showed at first 
a decreased E.M.F., which rapidly chang^ to an increased value. 
In mixtures of ferrocyanide and ferricyanide in alkali, the velontv 
of the change of potential is greater the larger the amount of fern- 
cyanide preWt. Expei-iments with Rdntgen rays gave an effect, ot 
the same nature, but much smaller than that observed with ultra- 
violet light. Theories are put forward to exjdain the effects 
observed. An historical summary of the work already juihlishci 
on this subject is included in the paper. «!• 


The Theory of Electrolytic Ions. XIV. Kohlrauschs 
Law of Additivity. Richard FjOrenz {Eeitsch. anorg, 6/u'w., 
1920, 111, 55 -75). — The work of Bjerrum (A., 1919, ii, 9) 
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jjtbers indicates that strong electrolytes in dilute solution are com- 
jetely dissociated. The molecular conductivity, fx, can be ex- 
jgssed by the equation ii~aF{U -h F), where a is the degree of 
j'csociation, F the constant of Faraday's law, and U and V the 
051 ^nobilities, which are supposed to be invariable. Since the 
^Inductivity, jx, with decreasing concentration approaches a limit- 
value. follows that, if dissociation is already complete, 

p^aud y must be variable, and must approach limiting values, 
[' and rp- ^ equation is obtained, where 

)■ and '/ mobility coefficients. According to the old theory, the 
ti-aiispoi't number, n, is given by n^UjU -r I’, and is a constant, 
iiidependent of the degree of dissociation, a. In terms of the new 
theory, however, where, instead of variable degree of dissociation, 
variable ionic mobility is assumed, the transport number also 
Incomes variable, namely, ^ The transport 

jiuiTibers can only be equal when the mobilities of the two ions (in 
the case of electrolytes dissociating into two sim)>le ions) are equal, 
for it is shown that the rate of change of mobility with concen- 
'ration i< the same for all ions. In the cases of potassium chloride. 
M'omide. and iodide, the mobilities of all the ions are approxim- 
itelv c(tual at the same concentration, and consequently the trans- 
port inniiber.s are practically constant for all concentrations. The 
mobilities and transport numbers of the ions have l.>een recalculated 
for the salts potassium chloride, bromide, iodide, nitrate, nitrite, 
ctiiorate and thiocyanate, and sodium chloride, nitrate and iodate, 
udthe values of the mobility-coefficients of the potas.-;ium, sodium, 
ml chlorine ions at diffierent concentrations are tabulated, 

E. H. R. 


Cadmium- Vapour Arc Lamp. Hkxrv J. Savd (Phii May,, 
[(I'il [vil 39, G78--b79). — An answer to B.'ites's criticism of the 
jadmiitm vapour arc lamp (thi.s vol.. ii. 921), The author points 
cvet that the diOleuIties e.\perieiicc<l were duo in all probability ro 
'anltv jiiiJiipiriL: and to the ]>resence of o.xide forined by traces of 
Mter vapour. T. F. S. 

Investigation of Mewes' Law of the Relation between 
lie Volume of a Gas and the Temperature. Ri doi.f Mewks 

Phfli. Sdu/rsfoff Sdrhstofl 199(b 12. liV lo; from 

1920, i. 094-' -09.') t - -In continuation of previous inve^tiga- 
ions (this vol,. ii, 927), the author shows that the assumption^ 
iderlyinij the considerations of ideal gasc's are tio longer tenable, 
ttd must be replaced by new hvpothe.ses. The oxj'erimeut^ which 
hprove the ohjer ideas, ('onfirm the (‘^juatiojis which have V*een 
roposed by him. 

Cav-Lirsac’s law is only valid for nitrogen at the atinc>spheric 
and does not hold for increas(Ml or decreased tensions. 
®i>r>cly. the diserepaiicies from Mewess s\Hnmation law increase 
«itlv With iiKTeasing initial pressure. It is found that this 
can be e\‘plaine<l by a wnsidrration of the effects of 
pmidensation and the action of mass. The influenoe of 
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-I 'SiS; S'”"?.?; 

For this reason, the de ^ ^ijslrvino- the change of tension with 

unpublished experiments. 

sp..ao H«., «i 

Temperature Diagra 033_„646).— A theoretical paper in 

(ni7. Mag 1920._ N 39 63^ b ^ 

^hich the J \ ” In the case of steam 

vapour, Kf, with ■ 1 jg positive. It is shown 

that Ks--Pa4>Ja^ ^ value of A\ is negative under all 

vapour, and consequen^y vapour increase with 

conditions that ma^ e i^e^ativo so long as the entropy 

decreasing temperature. „„..our slopes down to the right; 

temperature line for saturat^ ^ dioxide, and 
this form of curve j ound for 

ammoina, and may . . , v of j{^ is positive, and this 

slopes in the opposite ( i ' - l>enzene ethyl propionate, and 

ft. .11.1 w' '“"'j 'TT 

ethyl propionate, and acetic acid. 

■ o TT A Hpn+s of Fusion of the Dichloro-, 

“.S, 

the aboveummed subject (A., 1919. ", ilu. 910, .I-)- 9- J*- 

v.p„. Pr...™ 

ftldS'-A '"hftrtiii. ft.ft,«'.li»l di.<«.n«" »l Ui* " 

physical properties. 

Surface Condensation Error in certain 
o! Vapour Pressure by the Gas Current SaturaUon Mrfho . 

Alax \V f Menziks (./. Anxr. Vhein. Soc., 1920, 4/, ^ 

itho ccndensatiou of water from its saturated vapour m am 
water-washed and steamed glass siiiiaoc and on a 
steamed, and water-washed asbestos sur ace as- 

under the conditions which generally obtain m ^ j h 'Ib 
current saturation method of vapcur-pressure ineasurenieiA 
the case of glass wool, the condensation amounts 0 
mg. per sq. cm. of gla=s surface at 22 , wherea. asbra . 
about 28— 322f, of the water from the saturated air. Th . q ^ 
of deposited water is sufficiently large to explain the many 
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explained irregularities recorded in the literature of measurements 
ef vapour pressure by this method. easur^ents 

The M^pulation of Volatile Substances. IV Alfeed 

SIOCK [with Ernst Kuss and Karl SomieskiI (Ber lOW aE 
[/ll, 751-758 Compare A., 1914, ii, 171 ■ ^917 
1 ' estimation of tension in the’ vacuum apparatus it 

should be noted that a cerUin amount of fractionation Sms in 
the case of mixtuies whereby the vapour becomes richer than the 
residue lu the volatile constituent. This factor is particulariv 
important when only small quantities of material are avaiUble 
undue reduction in the size of the apparatus is impracticable and 
the experimental results must be interpreted with caution ’ In 
estimating the tension of solid substances, it is better to cool the 
regulating batli to the required temperature or to warm the sub- 
.tau^somewha above he experimental temperature before ng 
uig It into the bath; with the reverse procedure, the tempera ure 
only becomes slowly uniform throughout the mass, and the^n ten 
registered is that of the coldest portion of the substance 

Fractional disti lat.on is only advantageous in dealing with liquid 
substances. Solids should therefore be distilled under such pre^m e 
that they first liquefy The receiver should be so cooled that a 
difference in tension o only a few millimetres exists between he 
sute anm under distillation and the distillate. Constant mov^ 
ment of the .quid is advisable, and for this purpose a special 
apparatus is described and figured; this co.^iste essentially of a 
small induction coil w.tl. a sinqile interrupted and oscillating core. 

It h attachwl to the ajdparatiis u\ the neii^hboiirhood of the dis- 
nllation vessel an. k^ps the whole apparatus, and therefore the 
liquid, in steady vibration. 

The G^de rotary mercury-air pump previouslv usesi is now 
replaced by the \ olmor mercury vapour pump, a Gaede rotary oil 
pump heing iiscl as accessory, wlnlst the ga.ses are drawn off by an 
automatic fopler pump. An improved automatic valve for u^ in 
coiine.vion with the latter is descrihwl arnl l’ii:ured. 

for'lemperatures slichUv 
i^bove that of Ik|ui( 1 air has [.reviouslv a matter of difficulty'- 
4 IS now touiul that li-iuid' propvicuc f, l, r tie 

rquired con. ht.ons admiraldv. since it has an extraordiuarilv low 
Belting point and remains highlv mobile at the teiiiDeratu're of 

an ; a .iisadvantage, however, lies in its ^unalure ft 

i»»tiie'emi- "" ™l'>'tiion of liquid air 

mtotte cooling hq,„, , ,s to be avoid, s|, „„ a.^.«u,u of the violence 

fe latter Sbaeh"‘ “ “f ‘1><* imlx'-e.! cooling; 

auvliitace.,*: 'tl,! ‘'t’'"«'.l whi.-li .avoids these dis- 

inunersed hi the rnobi" 1 ''*1 ^ copper cvliiuler 

W'eeooliu,. occurs from’a '' 1' 1 ' ‘''''I*™"'''! "''ifOTm, 

0 cur. from above downwards, whilst the metal tends 
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to eaualise the temperature. For extrem^y low temperaW, the 
a heavy oylindrical aluminium block m rewmmended; 

?hL four hole/ are bored. One of these serves for the mtroduct on 
of liquid air, and. to avoid the spurting of the latter, is shielded 
from the remainder by a vulcanite partition. The remaining ho es 
a/Tu'ed for the insertion of thermome ers subs ance under 
vSti-ation, etc. The block may be insulated by being suspended 
In a Dewa^ vessel. By regulation of the pressure of the air, the 
temperature of the block may be kept constant to within a fraction 
^?L-n-ee for long periods. Equalisation o temperature between 
iL iiietal and the thermoineters, etc., may be hastened by idling 
thi holes with liquid propylene, but tins is only n^^ry in the 
iLe of extremely accurate experiments. Ihe use of alumimuni u 
nmticularlv advantageous. sini« at low temperatures the metal has 
flow specitic heat and an extraordinarily high conductivity for 

heat. ■ 

Thermal Capacity of Water between 5° and 50° \V. 

T aegek and H von Stei n w e hr ^ ^ 2 J • 

WiL Berlin. 1915, 4 -i 4 - 432 ).-The 15° calorie is found by refined 
electrical heating measurements to be eqmva^nt to 4 184 inter, 
national watt-seconds. The miiiimiini specific heat of water occur, 
at 33-5°. J . K. b. 

The Properties of Fluids in the Neighbourhood of the 
Critical Po^t and the Characteristic Equations. G. BaciiAr 
(Compt rml., 1920, 170. 1173 -llio).- A mathematical dr. 
lussion of the subject, with special reference to the equations o, 
van der Waals and Clansins. 

Absolute Entropies of Monatomic Substances. Max Planck 
(imungebrr. FreZ. Ahnl HbVs. lUrlin 1916, 6.)3--66i).-From 
the equations of statistical ineclianics. the charactcnstic thermo- 
dynamic functions are derived for a single atom moving fieol; m 
a hollow sphere and in a hollow, rectangular parallelopiped. Th 
calculation is then extended to a monatomic ga.s and it is shomi 
that the degrees of freedom corre.spomUng with tlie separate a 
must be iiWherent. The expression of Aeriist (I erh. ),«t 
Phmkal Ces.. 1916, 18. 83) for the energy ol a gas is discon- 
tinuous in respiect of temperature, so that a dclimte value oi *1 
specific heat cannot lie found. Tlio.-e dediiced by btern and etr^, 
are identical with that found in the present paper, with the 
exception of au additive con^^tant. 

Relationships between Critical Data ^d other Properties 
of Organic Liquids. W. Hkuz {Zeitsch. anorg. j 

111, ^-54. Compare A,, 1920, ii. 285).-It has heeii 
that, for a large number of iioii-associated orgaiiio ^ 

quotient of the critical temi.erature, fi, ami the 
Pk divided by the sum of the valencies of the constitue ^ 
(C^4, H^l/0 = 2, and N = 3), is approximately a constaii , 
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j'rom the known relationship between critical volnme, temperature, 
and pressure, it follows that Vkjz - where is the critical 
volume and z the sum of the valencies. This is shown to be the 
case for a number of esters, ethers, and hydrocarbons, the value of 
constant varying between 0*00038 anil 0-00047. It is also 
deduced that the value of the heat of vaporisation, L, can be found 
from the expression L = Tsj0'^Ddi;2, where Tg is the boiling tempera- 
ture (abs.) and the critical density. The molecular refraction, 
can be written MR^O Sz. Since, however, the 
jnelccular refraction depends also on the constitution of the com- 
pound, the values calculated from the formula are only 
approximate. E. II. R. 

Comparative Method for Determining Vapour Densities. 

pnaiP Blackman (J. Phpkal Chem,, 1920, 24, 225 — 229).— Two 
bulbs made of graduated burette tubing and about 10 cmi. 
are joine^l together by capillary tubing. The free ends are 
narrowed and drawn out into tiil>es of sufficient diameter to admit 
small weighing tubes. The apparatus is place/1 upright and half 
filled with mercury. Tho substances the vapour densities of which 
are to be compared are weighed out in very small quantities 
{0 02— 0*10 gram) in narrow glass tubes and placed one in each 
bulb. One of the bulbs is then sealeil at the top, and, when cooled 
to a known temperature, the difference in the height of the mercury 
levels is noted and the jujsitions of the mercury level also noted, so 
that later the volume of air (!’} in the sealetl bulb may l:>e deter- 
mined. The other bulb is then sealed, and the same measurements 
■mercury levels again taken, so that the volume of air (I’j) may 
? fletermined. dhe a})])aratu> is now ]dace<l in a deep beaker, 
}vered with a suitable lifjuid, and heate<l to a temperature 
.linciently high to vaporise comjdetely both liquids. Again the 
lerairv levels are determined, so that r, and r„ the volume of 
,ir and vapour in the two tubes, may be determined. The 
ipparatu? is now inverte*!, atul the gra'lnated lube cut a wav from 
.he horizontal conneding tube, and the volumes, T, lY r., and 
determined by lllling with merciirv from an accurate, burette 
tothe oltserve<l levels. Four ;ip]n'o.\iinate formuhc for calculating 
the. vapour density are given, which are apidieii to in ea.su rem eats 
wh acetone, diethyl ether, dilor()forjn. and ethyl alcohol. The 
restths are very good, J. P. S. 

Some Consequences of the so called Deterioration Theory 

i Gases. W. Nkrvst Pu'u.sn. Akad. Wlss., Berlin, 

d9, IH 127). At. very low temperatures, the ordinary ga,*! law. 

is repl<'u'e<l bv the ^vpiation // f 1') . (1 - r’" 

'W (3 ]0- V /i.Vi .|7r^,d'b where J 

. Itl w -• mass of molecule. For T i), this leads to a 

at the absoluN* zerf>. // f/bV-Z-lruj F . This ]mt‘ssure is 
to he due to direi*t<vj repuldve fortvs analogous to valency 
between the juoleoules, which are inversely proportional to 
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estremfly ^ aiste ■ ^ a.oosity at VMy law 

theory leadB to the IhL « is the molecular velocity The 

temperatur^, 1^ viscosity and temperature required by the 
counexion by the measurements ou hydrogen 

theory is ““"'Si^ Vt is an indirect confirmation 

£ ;“£,ES Sv ■■ ‘i '>» — - ■•■ 

^8fi 1941 — Phc author discusses the work of Richards 

1920,50 1,186-194^ I ne au ^ 

and Palitzsch ( ., . ’l9l’ Pa^liani and Vicentiiii (Me?ii. 

Accad .Sci. ’ ^g. p liani (Kemf, B. Accad. Lined, 1889, 

Aecad. Li'^1, 1884, IS), Pa » Tainmaiin (A., 1910, 

5), Tait (Pioc. '«/. Bousfield and Lowry (A., 

ii. . jan Laa^r A 1900 ,1 ^ 

1910, lb, 842^), Battelli (- 1 . ^^2), and 

Ethe^ouTsbii that the hyiK,tliesis of the polymerisation of 

water serves to explain most of «ie ^ 

^llTa-i to tl:: variations of Hiese with change of temp.alnre, 
pressure, and coiioenl ration of the solutions. T, H. P. 

The Viscosity of Colloidal Solutions. Paul Bary (Compi, 
re,ul 19't0 170 1388-1390).- 1 f a unit volume of < ry coIIomI 
s wollen by a volume. «. of HquiJ. Emste.ii s lormula for he 
visc^ity may be written 1 - 2'5v„)/2'ov„. where ,, ,s^ the 

v c^ity of the colloidal solution, that ot the pure ineiliuni being 
lakeTi i unity, and v„ is the amomit ol coUo.d ui unit volunie. 
This gives a means of determining the coefficient of swel mg hy 
Lcosfty measurements. It is shown that colloids which enter in 
sus^nion in a given medium without any external agency yield 
liquids in which the colloid shrinks progressively with the time 
to a decree which depends on the concentration and the tempera- 
ture. This shrinking is accentuated by dilution, and tend, 
towards zero for zero concentration. 

Adsorption of Hydrogen by Quartz at 

G R. Pakaxjpe (/Vac, AsinfLc Soc. Jif ii'/al, , 

CsKxxvii) —An apparatus based on the principle of the differentia 
manometer wa-, usc.l. DilTeroi.ces in l"f“"re due to iineH 
adsorption in the two bulbs were measured by the 'ohime chau e 
necessary to re estalilish equilibrium. , 

made at - 190= and at iires-surcs from 2o to .loO mm. 1^''® 
of hydrogen adsorbed at these pressures by 100 sq. cm. o i ^ 
surface, corrected to normal temperature and pr^snre, , 
2-0 c. mm. and 10*5 c. mm. respectively. The results _ 
in calculating the correction for a hydrogen thermometer oi q 
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jjven at this low temperature the correction is very small. Work 
^ith other gases and at other temperatures is in progress. 

Chemical Abstracts. 

Adsorption of Sulphur Dioxide by the Gel of Silicic Acid. 

John McGavack, jun., and W. A. Patrick (J. Amer, Chtm, Soc., 
1920, 42, 946 — 978). — The adsorption of sulphur dioxide by silicic 
acid gels ha.q been measured at 100'^, 80° 57° 40° 30°, 0°, -33*4°, 
_ 54 ° and -80°. The effect of the water content of the gel was 
determined by using gels containing 2-31, 3*51, 4'86, and 7 '97% 
of water respectively. It is shown that the maximum adsorption 
is exhibited by gels containing about 7% of water. The adsorption 
is shown to be reversible in all cases in the absence of air. In 
the presence of small amounts of air, the rate of adsorption was 
ffi'eatly decreased, and adsorption and desorption were irreversible, 
ihe empirical effuation of Freund lich was found to hold over 
almost the entire range studied, exceptions being at those points 
where the saturation pressure was approached. The equation 
f.'g-t"" found to hold, where 1" is the uncorrected 

voltune of the condensed ])hase, o- the surface tension, p the pressure 
of the ‘^as phase, the va[)our pre.<5.sure of the liquid, and K and 
\i)i constants dependent on the physical properties of the 
adsorbent. T. F. S. 

Sorption of Vapours by Charcoal, Bror Gustafson {Arlciv. 
Km. dfm. 6Va/., 1917, 7, Xo, 22, 1—17).— The sor]:>tion of vapours 
of water and acetic acid by charcoal has been examined at a series 
of pressures nun.) and at temperatures 16'o— 20°. In 

The ca.se of water vapour, it is shown that for .mi all pressures the 
amount of sorption is jiroportional to the pressure, and the sorption 
ill the>e cases must consist in the fonnation of a solid solution; 
at jiressure.s from 6 — 7 mm., the strict absor|dion commences. On 
pnxhu’ing the solution and alisorption curves, they cut at a 
i)re.sc-iire 7 '4 mm. The sorption velocity is greatest at the com- 
irieiiceinont, and decreases as the equiU))riuui conditions are 
j.'proache<l ; it is also greater at the lower pressure^ than at the 
isher pressures. In the ca.'^e of acetic acid, much the same results 
re obsen’od, but here an hysteresis occurs. The saturation 
.Tfs^ure is greater wlien reached from altove tlian when reached ' 
torn helow. This is held to be due to the two proce&'Cs. solution 
Slid ateorpt ion, oociirring simultaneously. J. F. S. 

Electrolytic Conductivity in Non aqueous Solutions. IV. 
Tte Solvation of the Ions of p Tolyltrimethylammonium 
Iodide in a Number of Organic Solvents. Henry Jerm.ain 

IhvK rmunuTON {./. Frankhn Inst., ITJU, [ril. 189, G41--643. 
i t'ornitarc A.. 1919. ii, i t). -Walden's formula (this vol. ii. 230) is 
ri to calculate the solvation of tlic ions of />-toIy!trimethvl- 
icnlide in a iiumbiT of .solvents, The molecular weight 
'^W-olute will be increased above the normal value. <x>rrespoud* 
with Walden’s e<i nation, if solvation occur?. The solvation 
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values obtained with the solvents were: propaldehyde, 7*73; epi- 
chlorohy drill, 3'44; ethyl alcohol, 3*30; methyl alcohol, 2-91; benz- 
aldehyde, 2'88; anisaldehyde, 2 '21; propionitrile, 1*44; aoetone. 
r29; nitromethane, 0; benzonitrile, 0; nitrobenzene, 0. Since 
Walden has shown that the iodide ion is not solvated in methyl 
alcohol, ethyl alcohol, acetone, and nitrobenzene, the above values 
probably represent the degrees of solvation of the organic cation. 
The tendency to salvation in aldehydes decreases with increase in 
the molecular weights of the latter, J. R. p 

Tabulation oi Hydrogen- and Hydroxyl-ion Concentra- 
tions of some Acids and Bases. Arthur W. Thomas [j 

Amer. Leathef Chein, Tsa'Oc., 1920, 15, 133 — 146). — The hydrogen- 
ion concentrations of the following acids are given for concentra- 
tions from O'OOLV to 2M : acetic, boric, butyric, carbonic, citric 
formic, gallic, hydrochloric, lactic, nitric, oxalic, phosphoric' 
salicylic, sulphuric, and tartaric. The hydroxyl-io!i concentrations 
of ammoniujii, barium, calcium, potassium, and sodium hydroxides 
are also given. The values for tlie weak acids were calculated 
from Ostwald's dilution law, and for the strong acids from cuives 
constructed from data in the litei'ature. (Tikmtcau Abstracts. 

Surface Energy of Crystals and its Influence on the 
Crystalline Form. i\l. Tlomv and 0. Stkkn {SiUumjs^bsr. Preuss, 
Akad. H'l-ss-. Berlin^ 1919, 901—9 13).- -A mathematical paper in 
which the surface energy of a crystal in a vacuum is calculated 
from the electrostatic forces between the ions. J. R. p. 

Anisotropic Liquids. I. M. lions [Sitzungsber. Preuss. Akail 
nV.'i.v., Berlin, 1916, 614- 6.30}.- -The theory that the. molecules of 
anisotropic liquids are elongated hi the direction of one axis, and 
that the orientations between the axes depend on the temperature, 
according to a law of distribuUoii, is completed by the calculation 
of the law of distribution, on the assumption that the moleeulos 
are electrical dij'-olcs. and that the directive forces are purrly 
electrical. The liquid crv-tal is then analogous to the magnet 
considered in the theory of l.augevin and \\Tiss. The Curie point 
of a Jtiagiiet rorre.'pond.s a})pri>;\imatelv with the trausition j>yi]il 
between aiiisotrojiie and i-otT’(}pic states. From the known transi- 
tion points of auisotrojue liquids, the electric moments of the 
dipoles are calcidaled. The optical pro])erties of the substances 
are also calculated, and fouiid in (|iialitative agreeiueiil with experi- 
ment. A liquid conu>os<‘d of dipoles will exhibit double refraction 
in an electric field at sufRcieritlv high temperatures; the expression 
for Kerr's constant de< bleed on this theory is similar to that fonnd 
by Langevin in another manner. J. R. P. 

Anisotropic Liquids. II. Dependence of the Refractive 
Index at Right Angles to the Optic-axis on the Temperature. 

H. Borx and F. Stumtf {Sit:un'js}>rr. Pnnas. Ahid. Tibs,?. Brrlh). 
1916, 1043 — lOGO),- - Mea.suremenis of the change of refractive 
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judex with temperature made with anisotropic liquids confirm the 
theory advanced by one of the authors (see previous abstract). 


J. R. P, 


An Altered Formulatzon of the Quantum Hypothesis. M. 

pUNCK {Hiizimgsher. Fremn. Ahid ll'm, lierlin, 1914, 918—923), 
„ -The expression for the energy of a resonator derived from the 
qviantum hypothesis may be obtained on the assumptions that : 
^1^ the exchange of energy Ijetween resonators and radiation is 
continuous, instead of quantum emission and continuous absorption 
postulated in a previous hypothesis; (2) exchange of energy between 
I’esQuators and free particles (molecules, ions, and electrons) occurs 
jji quanta. The forniulre of the classical electrodynamics then 
{ipply to the reciprocal action between resonators and radiation, 
jnany former difficulties are removed. In the collision of a 
free particle with a resonator, it is assumed that the latter gives 
up the whole of its energy to the particle, whilst the particle 
imparts to the resonator amounts of energy which are whole 
mnltiplee of the quantum. The free particles in solids may be 
vapour molecules, since the number reejuired is so small as not to 
contribute materially to the specific heat of the «o] id. J. R. P. 

Variance and the means of Presuming its Value without 

the Aid of any Formula. C. Ravkau [Covipt. rend., 1920, 170, 
— A theoretical discussion of the variance of systems, 
certain systems being discussed and their variance arrive<l at 
’A-ithoiit calculation, G. 


Equilibrium between Chlorine, Water, Hydrochloric Acid, 
lad Chloric Acid. Free Energy of the Chlorate Ion. Axel. 
1. Orsox (./- .I^urr. Sac., 1920, 42, 896 — 9u4).— The equil- 
b'itiiti (“ojistant of the reaction 3]l.,0-e3(.T>--- H(.’lLX-“5il(’'l has 
wi experimentally determined at 91 . Tlie reaction mixture wa.'^ 
lealefi in gla,ss tubes with a little (U 02d/) manganous chloride, 
ii'hidi acted as a catalyst. E([uilibrujm was slowlv reached from 
I'Otli sides, and !>v mean- of tbe equation 

A'^ (H'rixftTdxfCKV) (ri.d 

the equililuinm constant is caK'ulated to The free 

fcerify of the reaction ilPl.qaq. ) • 3IT,,0{li(j.) Oil' j(d' -• CIO./ 
h I'l.iTti) oal. at 91°, arul at. it is 6(hi0 cal. The free energy 
d formation of the chlorate ion is (jiven fr'-ni the equation 
1 0 CIO /. for which -1374, 


T, F. 


Registration o! Rapid Pressure Changes. W. Xernst 

A hid. Jin-fin. 1915, 896 -901).- The 

Saviour of vil^rating membranes ns^v] in pn-ssiire nu‘<i.siirenients 
/iirinii ^aseotis explosions is wn-idert*<l mafluMuaticallv. The rise 
i'Tfjis.nre during explosinn in a c1(’»se(i vessel is stutis,] to follow 
^Maw. -- where }>,, is the inaxinuini jwessure, t is 

and a is a <'onstanl. The main resulU. however, are 
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independent of this special hypothesis. Of the two solutions of 
the equation, only one has been realised with gaseous explosions 
namely, the execution by the registering membrane of vibra- 
tions of small amplitude about the position corresponding with 
the iustautaiieoua pressure. The other solution may be represented 
by high explosives of the “brisant'’ type. Great disturbances hi 
the motion of the membrane may occur when wave motion is set 
up in the gas. J. R. P. 

The Use of Conductometric Titrations in Neutralisatior 
Analysis. I. The Neutralisation of Acids and Bases, 

I. M. Kolthoff (Zeifsch. anonj. 67im., 1920, 111, 1 — 27), — The 
object of the experiments was to investigate the relationship 
between the neutralisation curve on the one hand and the dissocia- 
tion constants and dilution on the other. The experiments were 
conducted by titrating a dilute acid solution with a relatively 
strong solution of the base, so that the dilution of the liquid of 
which the conductivity was being determined was not appreciably 
changed during the titration. The neutralisation curve was 
obtained by plotting the relative conductivities as ordinates against 
the quantities of alkali added as abscissae. When a strong acid is 
neutralised by a strong base, the neutralisation curve falls steeply 
as a straight line to the neutral point, and then rises steeply as 
the alkalinity increases. Tip to the neritral point, the neutralisa- 
tion curve is the resultant sum of the acid conductivity curve and 
the salt conductivity curve. By titrating a solution of the salt into 
pure water, a curve is obtained, the salt conductivity curve, w'hieh 
cuts the neutralisation curve at the neutral point. The shar])ness 
of the neutral point is independent of the inohility of the anion, 
but the point becomes less distinct on the neutralisation curve the 
greater the mobility of the cation. 

When an acid of juedium strength, such a<s salicylic acid, is 
neutralised by a strong base, the neutralisation curve has a con- 
cave form and passes through a minimum before the neutral point 
is reached. Beyond the neutral point, the curve rises sharply as a 
straight line. b\it the neutral point is not distinct. It can, how- 
ever, l>c found hv determining the comhictivity curve of the salt, 
since the salt curve cuts the neutralisation cuiwe in the neutral 
point. The conductivity of the un neutralised acid at any stage of 
the neutralisation can i)e deduced from the neutralisation cuive 
and the salt conductivity curve, or it can he ciilculated from th 
ion mobilities. From the "acid deprcs.-ion curve ’ so obtained, th 
dissociation constant of the acid can be calculated. To obtain goo( 
titration results at dihitions OT, 0-01, O'OOLV, the dissociatioi 
constant of the acid should be les.s than 5xl0~*, 5xl0"h oi 
5 X lO"^ respectively. 

In the titration of a very weak acid wdth a strong base, tht 
neutralisation cun.’e may, from the start, correspond practically 
with the salt cun'p, up to the neutral point; if the add is very 
w’eak and the salt highly hvdrolvsed, it is impossible to detemuiie 
the neutral point. The dissocialion constant of the acid must be 
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jiot less than 10 for a O'liV-solutiou or 10“^ for a O'OhV -solution 
to obtain good result. Boric acid (jS: = 6'6 x lO-iO) and phenol 
were sucoesfifuUy titrated with sodium hydroxide. 
iV^eak acids and weak bases can be titrated if their dissociation 
constants are greater than 3 x 10"^ Thus acetic acid can be 
titrated with ammonia, but boric acid cannot, because, on account 
of the hydrolysis of the neutral salt, the whole neutralisation curve 
is rounded off, and there is no shaqi change of direction at the 
neutral point. E. H. K. 

The Use of Conductometric Titrations in Neutralisation 
Analysis. II. The Simultaneous Titration of Different 
Acids or Bases. I. M. Kolthopf {2eitsch. anorg. Chevi., 1920, 
111, 28—51. Compare preceding abstract).— When a strong and 
a weak acid are titrated together, the acid conductivity curve falls 
at first along a straight line. If, when the stronger acid is nearly 
neutralised, the conductivity of the w^eaker acid is not negligible, 
the point of neutralisation of the strong add is not sharp on the 
neutralisation curve, It can, however, be found by plotting the 
conductivity curve of the salt of the strong acid, and finding the 
point of intersection of this straight line with the first, straight 
portion of the neutralisation curve. In thi.s way, hydro- 
chloric acid can l>e titrated, for example, in presence of formic 
aoid. The point of neutralisation of the fonnic acid is given 
sharply by the change of direction of the curve when the solution 
becomes alkaline, To get goo<] results, when titrating OTJ-soIu- 
tions of the two acids iu equal concentrations, the dissociation 
constant of the weaker acid should l>e less than 4 x 10-b Addition 
of alcohol, which tends to suppress the dissociation of the weak 
acid, is sometimes advantageous. 

Two weak acids can ]ye titrated together in equal concentrations 
when the ratio of their dissotdation constants is smaller than O'OOl, 
but if the concentration of the weaker acid is ten times that of 
tho stronger, the ratio must be smaller than O'OOOl. Since, how- 
ever. the diarpness of the result depends on the magnitude of the 
angle of hitersection of the two straight lines representing the two 
ijortioiis of the neutralisation curve, and the change of" direction 
of the curve depends on the relative mobilities of the anions of 
the two acids, it follows that the an'uraev of the result de}>ends on 
the mohilities of the anions, ami if tlies<‘ are approxiniatelv wpial. 
no -ietiiiite result can he obtained. Thus oxalic acid and tartaric 
avii or oxalic acid and phenol, can be titratc<l together, luit not 
8'Vticacid and [dienol. When a dihadc acid is titratevl. the first 
and siHxmd wpiivalent point- can only he found if the two dis- 
tociatiou constants are niavkcdlv different. This o<.Yurs in the ca.'^e 
oxalic aeid. In the cA^e of tartaric acid, the first equivalent 
point knot .sharp even in pres<ui(v t)f alcohol, ami in the case of 
'iFniiiic acid it cannot he determ ine<i at all, 

T'm weak acids with a[)proximatelv equal disswiation constants 
f^niiot he titrated together, but if the disoo<ualion ixuistauU and 
'on inohilitiea are known, the coin^witiou can, I'o calculated from 
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the conductivity of the mixture. A fresh determination of the 
dissociation constant of formic acid gave 2 05 >< 10 at 18 . 

The same considerations apply to the titration of ol 

ba^^es as to mixtures of aoids. 

Catalysis of Oxy-hydrogen Gas by Palladium Mixed 
Crystals G Tamm.unn (Zetlsch. anorg. Chan., 1920, 111, 
golgei.-Experiments were made with palladium-silyer an,j 
ralladium-gold alloys, cmitaiiiiiig from 0 to 100% silver and gold 
Unectivelv to determine the inllueiice of the composition of the 
...etel on the temperature at whicli catalysis of a hydro.gen-oxyge,i 
mixture (prepared by electrolysis of socliiim hydroxide solution) 
coniiiieiic« and, on cooling, ceases, the observed tempera hire at 
«bch catalysis ceases is generally considerably lower than tlia at 
which it commences, because, during cooling, the heat of reaction 
tends to keep the temperature cl the contact surface lietween 
catalyst and gas above that, of the surroundiiigs. The oriii of the 
catalyst also influences the limiting teiiiperaturep; tor tlie.c cxpcn- 
meiiti, the metal was in the form of th.i. wire womid into a close 
snira! With pure palladium, catalysis started at 14o-163° and 
cUsed at 3a- In the palladiiun-silver senes, both limiting 
temperatures rose slowly until the proportion ot silver reached 
80% when there was a sudden rise to 3 , (starting tempera- 
ture) and 270--276° (cessation of catalysis). In the palladuinm 
<rold series, there was little change up to 70%, gold, then a rapid 
rise of the liiiiiliiig tcinperatiires over the range troiii i0% to 1U0% 
uold. There appears to be a clo'e connexion between the velocity 
cif solution ot hydrogen iii the catalyst and the^ ra^e of cataly-sis. 
In the palladiuni-silvcr series between lOO- and 300% the solubility 
of hydroveii is verv slight in the alloy coiitaiiuiig ™--80% silver 
and the same is true of the 80",, gold alloy in the palladmm-got 
• series. These compositions conespoiul with the rapid nse observed 
ill tho limiting tem])erature of catalysis. The rate of 
probably depends, however, not so much on the actual solubih^ ol 
hydrogen as on its rate of solution in the catalyst. h. H. II . 

Acceleration of the Decomposition of Hydrogen Peroxide 
by Colloidal Rhodium. C, /enomkhs and H. PArACONSTAXTiN0.s 
{Compi. reJuJ., 1920, 170, 1178-1180. (Wpare this vol 
330).— The decomposition of hydrogen })croxide by a colloida 
solution of rhodium is a unimoleciilar reaction, tlie velocity of 
which is con.hderably acwlerated by previouslv liubbling either 

hvdro"en or carbon monoxide through the colloidal solution. 
j ■ w n 


Catalytic Actions at Solid Surfaces. HI. Hydrogenation 
of Acetaldehyde and the Dehydrogenation of Ethyl Alcohol 
in the Presence of Finely Divided Metals. K, F. Armstrong 
and T. P, IIilditck (Proc. Ro>/. Sor.^ 1920. [A], 97. 259- 264. 
Compare A., 1919, ii, 403; this vol.. ii, 102).- The hydrogenation 
of acetaldehyde and the dehydrogenation of ethyl alcohol in ' ^ 
presence of metallic nickel and copper have been investigated a 
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temperatures 120 — 300°, It is shown that acetaldehyde is con- 
verted into ethyl alcohol by hydrogen under these conditions^ in 
the case of copper at 200° the yield of alcohol being 87 '6%; in the 
case of nickel, the aldehyde has a tendency to break up into carbon 
monoxide and methane. In the dehydrogenation of alcohol in the 
presence of copper, a yield of 90 — 95% of acetaldehyde may be 
obtained at 295 — 300°, In the dehydrogenation of alcohol, the 
presence of water improves the yield of acetaldehyde relatively to 
that of hydrogen. There are always small quantities of by-pro- 
duct?, notably ?hbutaldehyde, croton aldehyde^ and ethyl acetate, 
the total amount of which is normally 1— -2%. The presence of 
a small proportion of water protects acetaldehyde from hydro- 
venation, and in some cases prevents the action entirely. The 
primary action of the catalyst in all these cases is to etfect an 
association with the carbon cornpiound, the resulting unstable 
complex then being resolved into other compounds, J, F, S. 

Catalytic Actions at Solid Surfaces. IV. Interaction of 
Carbon Monoxide and Steam as Conditioned by Iron Oxide 
and by Copper. E. F. Armstrong and T. P. Hilditch {Proc. 

,SV., 1920, [.4], 97, 265' 273. Compare preceding abstract). 

- the reaction CO + }T,.0 CO.^-r H-_; 10,200 cab has been 
dmlied, using both ferric oxide and copper as contact substances. 
The reaction has been carried out usint: 95% carbon monoxide and 
\isiim water-gas containing 40% carbon Tuonoxido at temperatures 
from 227° to 600°, It is .shown that coj)per i.s much Ies.s complete 
in its action than iron o.xide at the higher temperature?, but over 
the ratine 200 —300° it i? definitely more active than iron oxide. 
CoriTer commences to act at a reav?onab]e rate at aliout 220°. 
vherea- iron oxide is barely active at 250’'^, and doe? not reach full 
ariivitv until about 400% Cn passing water (51%, carbon 
dio.'a'lc. 39‘9%. carlmn monoxide, and }7'3% hydroL^e]i) with -team 
!n the presence of aJumonia thnuigli a tube at sufficient 

iiiimoiiiiim foiTuate wa'; obtained for purpose's of identification, 
rile relative activities of cojqier and iron oxide toward carbon 
iiioiioside and steam at the lower raiiLO*-' of temperature are closely 
t-arallel to their respective powers of deoonqm^ing formic acid ami 
'team. The amount of action ctTected by the I'opiier catalyst 
wlifie? somewhat after 3-50°, ,'uid the maximum chaiiije efleeted 
appears to he greater the hiLdier tlie prnjiortion of carboji monoxide 

’Qthfijas, J. F. S. 

Heat of Dissociation of Hydrogen according to the Bohr- 
Dehye Atom Model. M. Fi.,\n('k Pfiuss. Akad. 

|h-^, /bvfm, 1919, 911 9,31), 'Die heat of dissociation of a 

ydrospn molecule is, .at snllirientlv low temperatures, e^jual to the 
feeiice betww'u the energv of tlic two atom? and tliat of the 
'ifeule. On the first a.s?nm]'ition. that in all the atoms and all 
‘■■f iitideculo? of hydrogen the el^^drons describe circular orbit,? 
^ith .iiiffle quanta, the heal of ilissociatitm is found to be 62,100 
The actual value is higlier, probably in the region of 
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100,000 cal. Ou the second assumption, that in all the atoms amj 
all the molecules those electronic orbits which possess less than one 
quantum are correspondingly probable, the heat of dissociation is 
found by classical mechanics to be infinite j on the theory of 
relativity it would be 570,000 cal., which is certainly too high. 
The value 140,000 cal., in much better agreement, is obtained on 
the assiunption that, in addition to circular orbits, the electrons 
may perfom pendulum oscillations. It is concluded that the 
arbitrary aasiunption of circular orbits made by Bohr is not 
justified. J. R. ?, 

The Absolute Calculation of Crystal Properties from 
Bohr’s Model Atom. M. Born and A. LANot [SitzungHhcK 
Prenss. AJiad. Berlin, 1918, 1048 — 1068). — A mathematical 
paper in which the positions of the atoms in a cubic space-lattice 
are deduced from Bohr's model of the atom. J. R. p 

Metals. I. and II. F. Haber [SUzungsher. Preuss. Akid 
Berlin, 1919, 506—518. 990^-^1007).— I. The elastic proper- 
ties and photoelectric effect are discussed on the hypothe.sis that 
a metal consists of a space-lattice of positive ions and free electrons, 
II. The energies of salts, heats of hydration of ions, the Volta 
effect, etc., are calculated. J. R. p. 

Apparatus for Measuring [and Circulating] Gases Soluble 
in Water. Bernhard Neumann and Heinrich Schneiuru { ZciUch . 
angew. Chenu, 1920, 33, 12S).- -An apparatus suitable for measur- 
ing and circulating small quantities of gas, soluble in water, consists 
essentially of two ])i])ette-shaped glass vessels, A and /i, provided 
at the upper ends with T-piecc' having stop-cocks, 1, 2, 3, 4, and 
terminating below in stop-cocks, 
0 , tl, tim latter being connected 
by a T-}ucce, (\ and in eoin- 
m unicat ion with a levelling 
vc-sfd, D. The top T-pieces are 
runncde l l:)y another T'])icce. K, 
as well as by a bent tube. U , with 
a lateral })ratich. ./, provided 
with a stojU'oek, 8, and leading 
to the uas reaction vessel or other 
apparatus. E i.> connecled bv 
lulling to a <,ms collector, F. with 
a three -wav la]), 9. and b' is a 
ju’essuve ve‘v<el for controlling the 
movniient of ga.s in F. 

.1 and // are first half filled 
with water satnratei'l with the 
ucu, Bv suitable mauipulatk'>i 
of the stopcocks, gas is iiilroiluced into .4 , and the air is expeh^d 
through B, after which gas is introduced into B, the whole 
apparatus now being filled with gas, and further solution by the 
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^-ater being prevented. The gas may be circulated through both 
vessels or retained in either for measurement under atmospheric 
pressure. 


W. J. W. 


Inorganic Chemistry. 


Improved Kipp's Apparatus for the Preparation of 
Chemically Pure Hydrogen in the Laboratory. M. Dolch 

(iVwn. Uit. 1920, 44, 37 8). — The gas delivery tube from the 
^iitral bulb of a Kipp's ap])aratiis is connected by a three-way 
cock and side-tiibe to a stopper and three-way cock in the mouth of 
the top elobc, which is also connected through a second tube to a 
mercury Ira]). Pure stick zinc is used in the central bulb, and the 
•uoaratus is filled with pure hydrogen before the introduction of 
air-free dilute sulphuric acid. The space aljove the acid in the 
top bulb, being connected to the generator bulb, is always filled 
with hvdroiren, which can be drawn off at will from either bulb 
hv siiitahlv placing the three-way cocks. E.xcess of pres-sure is 
released through the mercury trap. E. H. R. 

Triatomic Hydrogen. Gerald L. ^yEXDT and Roijert S. 
IrxDirF.a (-/. dwer. ('hem. ^nc., 19-0. 42, 930 - 9-15).— A reactive 
modification of hydrogen ha< been producerl by several methods, all 
of which are dependent on ga-eou^ ionisation; (if bv the a-rays 
frora radium emanation, (ii) by an electrical discharge under 
rrhiced pressure, and (iii) by (he bii:h potential corona at atmo- 
splipnc pressure. Attempt- (o jirodnce activation by Schumann 
lieht rays faiVd. This active hydrogen reduces sulphur, arsenic, 
phosphorus, nifrcury. nitrogen, and 1-oth acid ami alkaline solutions 
of potavduiti permanganate. Tt is coiideii-ed or destroyer! by 
temperatures about that of liriuid air. It. is verv unstable, and 
■evert? to the ordimirv form in about a minute. Tt paisses readily 
hrongh glass wool, and is not les^ stable at at mo.- jib eric pressure 
hail at low pre-suro'^. The activity' i- not due to ga‘^eous ions, and 
he j)ropertie.s of the gas are pnite different from those of T.ang- 
tinilr's atomic livdrogeii (A.. lOld. ii, 8gUb IKcd; 191-1, ii. 104; 
191.). ii, 949). The teftmation of a polyatomic molecule is indicated 
hv the contraction of the hviirogen when ionis*vl. I’ositive ray 
balysis at very low pressin^^ shows a large proportion of triatomic 
)iok-cijles. which are undoubtedly llm n'ndcciile'^ rcs]'>onsib]c for tbe 
heiifioal activity. All th^ pri'p-wiit - of the gas imint to it being 
tn ozone form, perhaps, properly calletl ‘ !< The existence 

>f triatomic hydrogen is applie^l to (Xl'danation of lands 
duster ion ' hypothesis (A., 1919. ii. ,al3). The calculations of 
klir. based on the Rutborford at<nn, furnisb the only valency 
^.vpotliesis which satisfactorily ac<'ounts for the 0 x 1*^101100 of 
batoitiic hydrogen. * J. F. S. 



ii, 426 


abstracts of chemtcai. papers. 


Chr. 


Chemical D^omposition ^ No. l', 

WiNTHEB ; 723).— The axithor confirms 

1-^18; . gtioii ’ that the <lecomposition‘ of hydrogen 

Kistiakowsky 3 • j cataWsed by tho presence of potassium 

nIL 1 ^“'"tions are placed in ultra- 

dec sit. on ensues very slowly at first, subsequently 

“'•l,li»U, .«.l.ru« a, 

decomposition of hydrogen peroxu e. 

subject are conceruc 0, th » - 

bv «*er 'Iras .c acM . T experiments, some of 

the available data, ai.d c regulated action of the 

them of a jne imina \ ‘ , iicri’onned at low temperature and 

Sfrn^ul in'um'pr^^ucVo" ^ inert solvent such as Ii,u,d 

following s. a erne , .j are stable at the ordinary tern- 

partly <=Wor.nat d ^Indnde,, w Im ^ 

MU r'rt'vHCi^ ') OHci Amongst these, the compounds of boron, 
uSii a^d oxien are most umtable whilst chloromonosilaiie is 
ore'readilv deconiposel than methyl chloride, a close dependence 

Lompo=e into the pnre hv.lr.de am! pure chloride ff»r exam, . 
B WCl into B.TT,. and Bf'l ). In the nitrogen group (N.P.As.SIi), 
in which the imtalnlitv of the .mvtlv chlorinated hydride increases 
with increa,sing atomic wcigh.t of the nuclear element, reacion 
immediately occurs, either with the initi.al hydride or by further 
action of the initial decomponlimi produces among themsehes^ 
wherebv hydr(,>gen chloride .s eliminated, f'jd '■rther co.Khm^ 
hvdiiclcs rt^lativplv poorer :n hydrogen ^ 

NHX’i-NH - X.^T, J-ITCI) or tin' free elements (that is, Asi\y- 
formed. The former fre<inent]y are 
further converted into solid hydrides still poorer in hydrogen 
(Pc.aHp,PrjHi,AsIir?l ). In the oxvgrn group, the ability to form a 
partly ’chlorinated hvdidde is onlv olt>prved in the element o 
smallest atomic weight, oxygen itselt ('Oliri), Tn this / 

the tendcrcv towards flecomposition into hvdride and 
still observalile (POflCl OTT, OCI.,). but the change to hydrogen 
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hloride and oxygen is more characteristic. Correspondingly, the 
ction of chlorine on the remaining hydrides of the oxygen group 
exclusively to the formation of the free elements, S, Se, Te, 

H. W. 

Electrolysis of Hydrogen Bromide in Liquid Sulphur 
)ioxide. Lancelot SALisnuny Bagstrr and Georoe Cooling 
y 19-0, 117, 693—696). 

gromin© Chloride : its Combination with Ethylene. 

jjyjcEL Delkpine and Lucien Ville {Ctmipt. rend.^ 1920, 170, 
j390__I392).“-AIthough ph 5 ^sical chemists deny the existence of a 
I'lOininc chloride, the authors consider that the behaviour of a solu- 
tion of chlorine in bromine toward? ethylene, the main product 
bdu‘^ chlorobromoethane, is strong evidence in favour of the 
existence of such a compound. W. G. 

The Photochemical Oxidation of Hydrogen Iodide. Chr. 

Vtd. .\fnfJi. VJni^. Methl., 1920. 2, No. 2, 
j from (dwm. Zcfitr.^ 192(\ i, 72.2 724).- -Thin, rapidly 
moved lavors of hydrogen iodide solution, when subjected to the 
conjoint action of oxygen at a constant pressure and light, are 
oxidised very slowly iiiitiallv. tlien moE’e ivipidly until the proces.? 
aUains a constant velocity. The phenomenoJE i.s due to the auto- 
---iisitisiEiiT action of the liberated iodine. Similar action is obsen’ed 
tlie f'ase;? of the jihotochemical oxidation of the leiico-ba.ses of 
fitaiii dye3 (Gros, ItKH), of alkaliEie olntions of pyroyallol (Trautz 
111 ThoJiia?. 19(18). euuI of aqueou.s -odiuEEi sulphite solution 
Trautz, 1009). In each in^tan('e. a slow oxidation at anv rate 
iiiist he as.snTned to oecur in the dai'k. H. W, 

The Estimation of the Density of Oxygen according to 
Dewar and Kamerlingh Onnes. Ur dole Mewes {^cft.sc/i. 

Sfir!:.<toff Ind., 1920. 12, 11; fnnii f^hnn. /.(nir.. 1020. 
i. titil). -The data obtained by liewar in 1902 and hv Onnes 
in 1911 for the va])our density of oxvgen are in good agree* 
St -182'^ with Gav-Taissac's law although t lie latter known 
(it 10 li old at such low tomperainrrs. The author now shows that 
hevalues for the apparent, alteration in volmne are in accordance 
ri'.h the law. l\ut (hat .‘^uch values arc not in realitv the datu 
diidi an* to be determinr<l; after ajiplving the nece<saiv 
torrHiniis. much lower resnltA are obtairnnl. It. 

Rutherford's Experiments on the Subdivision of the 
piirogen Nucleus, W. Lenz ( Vu/.'/nctsw,. I92n, 8, 181—186; 
l(im^7i<ij(, !92 e 1, i, 768p TIki theorv of relativilv. <ac*cord- 

I'tew whirh mass i- connected with every mcriry, throws liirht on 
jlh west inns of simple mimhers for atomic weights and of the 
Pblity of nuclei. From this point fd' view, the .stahilitv of the 
fteiiiii nucleus is readilv undcrstoo<b vriiibt the i list ability o' tlie 
^^Hi iiiicleii.s is explicable. The author consider < the perudent 
Pfini nidi at ions to ho po.-?iblv licliuni a-rays, }1, >V, 
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“‘rS”.S na™. ..iJ. ... 

_A , j:fTpvont indicators being used for the different 

!^T.n/ oftL in» “"’V r^iium ferrio salicykte 

titratio nitrous acid, and this was not sharp. Thus 

characteuse ^ ^ conclusions derived from the heats o{ 

"'Tl a i s a much stronger acid than the se<»nd acid 

nhosphoric acid. This is horiie out by a .study, by electrical 
tion of phosp (,f the progressive displacement o! 

Xo" acid by suiphnric acid in a dilute solution of sodinnyitnte. 

Production of Concentrated Nitric Acid from Nitrous 

Product ^ BnncH.vKDT, and E. Frioke [Zclsek 

Gases. F. iomsiER, in. 407 , 129-132).-The 

coStrltirof irib-i’c acid above 6S-69»i, by treatment of dilate 
ndXacid with nitrogen peroxide, water and oxygen, may be 
r Xl if the time of treatment is extended, the oxygen used only 
in att efX ™nd the gas veloeity reduced. Even so, only 80-i 
n"tr c%cid is produced. ‘ A verv high conmitrat.on results by 
”, teraction of the weak nitric acid solntiou with sufficient excess of 
c^idd nitrogen peroxide, followed bv slight agitation with oxygen 
When the equilibrium 2X0,. ^ N,0, is reached in the treatniect 
of nitrous gases with water, lulric \\ f ■ 

“nitiates the interaction N.p, . Tl .O n - 11X0;, + UXOp the nitrom 
acid being then decomposed into iiitnc acid and nitnc^oxffie^m,! 
oxidised. 

Red Phosphorus as a Reducing Agent. Ludwig IIosenstei> 
(/ tmer Chnn-. Soc., IDL^O. 42. SS8) -The reactions between 
red phosphorus and acid soliifions of a number of salts have been 
invent io-a ted, and a possible application of this substance a? a 
reaaent in qualitative analvsis hrv. been indicated. The expen^ 
ment^ were effected bv boiling the solution with 200 of red 
phosphorus for a few minutes. ^^ilver salts yield an insolnble 
phosphide, mercuric and mercuron. salt^ are reduced to the Tneial. 
palladiirn and osmium salts are reduced either to the metal or a 
phosphide ?old salt^ are cnnvertrd into an insoluble phosphide, 
.tannic salts are parti v reduced to stannous salts, feme salt? are 
reduced to ferrous salts. Iridic salts to iridous. selenates are reduced 
to the element or to an insoluble phosphide, molybdates are reduced 
to quadrivalent molvbdoniini salts, vanadates are reduced totervaleni 
vanadium salts, dichromates to chromic salts, and pemangauatcf 
to manganous salts. Bi.^muth, lead, cadmium, antimony, am 
arsenic salts, arsenates and stannous- salts, are not reduced i> r 
phosphorus. Tellurates and platinichlorides are reduced ver} 
slowly by red phosphorus. 

Carbon Formed in the Reaction between Calcium Carbide 
and Nitrogen. A. HR.MEut and B, Rassow [Zcitsch. angew. Ohm. 
1920, 33, 139 — 140). -On decomposing calcium cyanami ( 
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by the interaction of calcium carbide and nitrogen) with 
\vjter at 160r-180° to produce ammonia, the products of the 
^^composition included small quantities of carbon. This was freed 
fyow the bulk of calcium carbonate by treatment with hydrochloric 
jcii purified by fusion with potassium hydroxide or treat- 

„Qt. with hydrofluoric acid. It was thus left as graphitic carbon 
cutaiuing 9815 to 991% C, 013 to 1-64% H, and 013 to 118% 
j;esidue. It had 2-!^50, ignited at GOO— 040'^, and closely 
(j^eEibled Achesou graphite in its electrical conductivity. When 
)xkiised, it yielded a graphitic acid containing 54*81% C, i’79% H, 
iiid 43 ’^0% showing only very slight colloidal properties. 

Itheii fused with potassiiun hydroxide, it reacted (like Acheson 
jrapbite) at 500*^, with the evolution ot hydrogen, whereas Ceylon 
yielded scarcely any gas at 750^. It was not attacked by 
nitric aeid. C. A. M. 

Charcoal before the War. II. Wilder I). Bancroft (/. 
Chem., 1920, 24, 201—224, Compare this vol., ii, 309). 
treueral discussion on charcoal, in which the removal of iii- 
or^aiiic matter, such as calcium carbonate and calcium sulphate, 
iroui charcoal which has been used in sugar reiining is discussed. 
Tlie decolorising power of bone-black and methods oi preparing 
n'litlietic bono black are considered. J. F. S. 


Silicon Hydrides. VIII. Halogen Derivatives of Disilane 
nd their Hydrolysis. Alfukd iStock ami Kahl Somil,ski {Ber., 
3di. 53, [/i], 759 — 7G9. Conij)are A., 191G, ii, 319; 1918, 

110, 111; this vol.. ii. 31). The l.idiavioiir of di.dlane, SriH,-,, 

orads halogen acids ha-; boon investigated, and is found to 
■eeinble closely that of monosilane. 

Disilanc does not appear to react \'dth hytlrogen chloride at the 
mliiiai'c temperature or at 120%; in tlic presence of a little sub- 
limed ahimiuiuui chloride, however, react luii OL'curs more or less 
readilv. according,' to the. ireiieral scheme 

■.Sidf, ^ Si,l{,-A% -ril. 


and the cour-^e cun be followed readily by coiulensation, by liquid 
■air. ot all the com])oiu'nts, except hytlrogcn. and measurement of 
Itlie vohiiiie of the latter. The activity of the aliuniniurn chloride 
appears to vary considerably with <d)Ierent pre]>araiioiis. and a 
|5atisfac*t(.)rv c.xplaiiation of this bi'havinur is not ;it present forth- 
jciiiig. A mixture of chloriiles i.s invariably { roduced. the cquil- 
jriiij'i Iviiiff iu favour of tho interniediaie iiiemin'r- of tlio series, 
ks with hydrogen chloride (I vol.) and disilane, (h'^s than 1 vol.), 

ilMiuiii jii'ouuct is iJirhIf)f‘o!l>-ih!/i> . vt^ry iiftle nio/ior/i’ortxhsiliiric 

obtained ; with tiie gas.es in the volume ratio 2:1. much 
b'diW/f.oVu/m, in addition to diehloi'O'.iisilane. is prolnced. 
ffflBplete chlorination is not. however, riTeeted bv a large e\c<>s9 
w hydrogen chloride. By reason of the -mall amount pro-luml, 
Mas not been found possible to isolate moiux-hloi odidlane in the 
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i. U since it forms a mixture of constant boiling point, 

^^+Wriclilorodi5ilane, The experiments, however indicate that^ 
I fu the carbon compounds, mixtures of isomendes are 

i in the halot^enatiou of disilane. . 

The broLuation of disilane baa been studied m a prea^ly 
imrnns manner and monobromodisilane, in. p. ^00 to 101 ^ 
analc^ous purity. As in the case of the 

T '^ToT tb ^ tendency towards the foniiatioii of higher deriv- 
Ty for ii.staiice, in the action of equal 

f hv,imaen bromide and disilane, less than one^third of 
IhitTrtioi^ol the latter which undergoes reaction is converted 

T”i*i°'oMhe''haloeeuated disilaiies corresponds exactly 
T ISai moiiosilanes. Thus moiiobromodisilai 
"" rlcts wlh water to yield the (SiJI,),0, coloui- 

ISi SuW which can be volatil.serl without decomposition, ami, 
le^ iiquia ^v Upnzeiic in^^taiitaiieously reduces cold silver 

*-r‘\/'hut' not copper sulphate, solution. It reacts slowly bm 
nitrate, hut ' I P j; hydroxide solution in accordance with 
quantitativelj w ith odiuni n> ^ 4 Xa,Si 03 + 12H,. The 

the eciuation ,,x ■ hvdrolvsis of d'ibroniodisilaiie ami 

solid products obtai e l .5 t hyd , 

T%H?) ^U.oT Thcrii: - slowly hydrolysed further hy 
wSte/^airbe dried in a de-iceator without marked deco.np^itioi, 
are bla “ned bv silver nitrate soUu.on. owing o the deposition of 
Talt silver, evolve hydrogen when treated with a kali Mrovj^Jc. 
Td finally yield a re.idne of silicate, and explode feebly when 
held on Platiiuun foil, evolving gas and beconung d-smloinem 
Fvidentlv the i^i-Si linking renutuis intact in thejn. This bond 
Evident y 'towards alkali than would be expected 

appears to be ean be clearlv .liv 

Uimuished ui Ihe action' m alkali on (Si J1 ,0). nameljx a violent 
evolution of ps wdtb lai!‘ sTddi^l 

Lrmkht Tan end bv'wlinning the solution The first pha=e cone 
t .Vith the hvdrolvtir separation ot the hydrogen atonw, 
(SiHOi ^ 3 nO-(nO.Si'SiO,lIi,s tll.O, whilst the second IS 
llnflfthi grldtla/conversioii of -odium silico-oxalate into^st^inn, 

silicate and hydrogen. 

Prolonged Action o£ Carbonic Acid on Silicas 
Oaartz M.vn-^NOS and (Mlkd Makcmai. (CompL rend., 19-0, 
?70 11^4 lldii).- Quartz, wolla-toiiite, duiptase mica, tar 

Sitoi and glasl, rr.pcoiively, in aqueous . 

mitted to the action of carlion 7 , thtTie all ihi 

for ten years and three month-. At the end o . _ 

silicates and the quartz itself were inore or 
ing amounts of silica had passed ^ ^ 

showed the greatest sign.- of attack and the g a^s ^ 
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Action of Alcohol on the Sulphates of sioa- 

DcRK“tT(T."mo: 

«o; iizi 

U examined to see if they contam th: , ^f-T 

„f (sesium. The mineral wL decomposed iirt |iomologue 

chloric acid, and, after dilution, hlter^ed ^ The Hi “? 

,ith ammonia and ammonium earl onai n was treated 

eoiisisting mainly of alumiiiil^'^xide ta 

jiiard against possible loss of ekacmsiuni' * 

aliiiiiimum hydroxide was dissolved in siilnh ^ 

alums thus formed were recrystallised uiitil^h«"o, 

hail been eliminated. The residual aim, . * ammonium alum 

obtained later and treated as described below"*'"’ 

The filtrate from the aluminium hviirnvi.I,. ,4 , 
residue converted into chlorides, of which' r>50 " ^ind the 

These were submitted to a series o f, ttV ,^ 

preci|iitatioiis with hydroneii chloride T)!’”’* '^‘ydallisatioiis and 
Ihich, according to\he"order id the sob.MV 
chlorides, would contain ekaomsium cliloride’* 

perchlorates, which were fractioiiallv dis olve l ' "rf ™”verted into 

Lie. had been reduced L 

showed the presence of aesiiim alorm a' i fractions all 

.he pteseiioe'of ekac.,c,siu,rX'., tClre * ertni.r"™ 

Themajoi.ty of the chlorides were converted into"’*] 
iraciioiiated until only 200 c.c. of the salni'afa„l and 

this, oil e.vamination 'by tlie arc siipUn,, soddioii remained; 

Thela-l fraction of flu^s hihate'Ls 

the ahum, and these fractionated ' i "'*<> 

any iiidicatinn of ekium,,iiiiri I s;,d. al o 'ir T "'** fl'ere 

Baxter, A ,' ll'fl.L; 07 ,] 

“pL c.. 

iwiai ammonium .sulph ito f>tf >,1 ‘in oju'ii tul>e. 

'f an-i deeumipiL. wiitr « 

feuiihe It softer, .s from about iCai ' . ' ' '’"'r ^ 

( liatiim, Miic^ riToriliul j,, tlm litc, itnrc 'r "l' 

‘PP*'-'b and refers n, reality ,o amnioniun, hv^eirsui;],:.':: 

Kif‘Lf (f 0. H, 

i3i5-0-13< ‘'''i^nnunnum plnephatc betwee,, |,ic y,,c 

w. P. s. 
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Mixed CoUoids of Calcium Fluoride. A. Mazzocohslu 
and D Vita (Gaziclta, 1920, 60, i, 232-245 See Pate.rn6 and 
Mazziicchelli, A., 1904, ii, 169) .-Colloidal ca cium fluonde pre. 
nared bv pouriin' potassium fluonde solution into excess of calcium 
kloride solution’ possesses a negative charge, this observation being 
ill accord witli the behaviour noted by Lotternioser with silver 
salts which in the colloidal state exhibit the sign of the ion in 
excess at the moment of their formation (A., 190o, ii, o86) Mixed 
colloidal solutions containing calcium fluonde and another in. 
soluble salt have been prepared by im.xing solutions of suitable 
salts. Moderately stable mixed colloidal solutions are formed by 
calcium fluoride with Ca3(P04),, AgCl, AgBr, 0*’ 

CuS Fe(OII).„ and Si(OH)4, the last of the.se being thus obtained 
in the colloidal condition in a solution neutral to methyl-orange. 
Less stable colloidal solutions obtainable only xinder certain con- 
ditions. are formed with CaCOs, 

Ac- MoO, ZnS, CdS, MiiS, PbCrO^, PbbO^ (very slightly stable), 
‘and BaSOj. With As, S3, immediate precipitation occurs. 


Slaked Lime and MUk of Lime. Berxhari. Kosu.ixn 
(ZeiUch. Ehktrochem., 1920, 26 , 173- 131).-Po!einical . a long 
discussion on the processes occurring ui the slaking or m 

which the views of Kolilschiitter and W alther (A , 1919 n, 34.) 

are criticised. Tlic author is of the opniimi that the slaking et 

lime consists in a gradual steii-wise combiuatioii with >" 

which the following .ubstaiices are inonuced IR wJcr : [-f 0 
HCa(OH)3, H,,Ca(OH),, ll3Ca(OHj;,, ll,Ca(OH)3, 

H 3 Ca(OII) 3 , and II;Ca(01I Ig. 


(Slaked Lime and Milk of Lime.] V. KoiusciiiTieii 
(Zdtsch. EMdruehan., 1920, 26 . 121-ld2).-An answer^ to 
Kosniaiin (preceding abstract). d. t. 


An Unusual Deposit of Aragonite from Sea Water. Roger 
C. Wells (•/. W a<h>/i[/ton Arad. An., 10 , ‘J40 -25‘1). Small 
crystals c" aragonite were found on the walls of a sealed glass tube 
which had contained ^ea^water tor several years. The mot prob- 
able explanation of the format ion oi the depu-it is that alkali had 
been slowly dissolved from the glass, cau^ing partial conversion oi 
calcium hvdrogeii carbonate into carl ;on ate. The solubility pn> 
duct ilCO^--] for the scca-wator under coiidderalion i? 

calculated to be 7'2 x 10 at 25'^. E. H. R. 


Reactions between Primary Potassium Phosphate and 
Increasing Quantities of Calcium Hydrogen Carbonate 
during Boiling. Windlsch and W. Diktrich (R ocn. Braii, 
1920, 37 , 177- -ISO, 187-- lS9).--Tho preci])itates obtained by 
boiling solution.^ of prunary potas-iuni jihosphate with iucieabiUj, 
proportions of calcium hydrogen carbonate show increasing 
centages of calcium, which range iroui that cori*c>poiuiing ''t 
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secondary to that correspondin'^ with iertiarv /...i * 1 

The precipitates appear to entrain ^r^luKi it phosphate, 

the alkalinities of the filtrate /dl f since 

poUs^tum phosphate) are lower than the cal“d 

L. E. 

A Sulphato chromate Regarded ac: t j - , 

Suhst^ce. A. Ourroua (Bail. L. jran,. ,/t„ “ l-/“^2'' 2 !^. 

irom them, Zaitr.^ 1020, i Tve;/ tiip -m.+i , 

fudeavoured to repeat the preparal/ou of ijotas m 
siilphalo-chromate, 2dlg.SO.,K ,U0 911 () if i I 

(this Jouru, 1877 ,iK4^-) : “ i 

Jlie latter separate Iroiu a solution intaint‘» 1^,',“" 

(■j iiiols.) and potassium chromate (1 mol i h,,i 

ijy the crysUliographical propertied ta rho ^ assigned 

liiagHesiiiin double sulphates, which they Jsoniorphous 

1.1 Ling iwo-thirds oi ti.i; wS 

care 01 ol the general composition 

IS obviously presented; ui the present instance 

with Ltards preparation, the analyse' nr u'lp ] ^vherea.s 

,heestiiiiat.oi/ofV'r03 and of the losshrilt! 'u.r'' I 

61A The loss n. eveight at InO-, Imweve;', e.^ceeds the\^LXtTl 

mixture of sulphate, and chromate tli f'" "‘“■‘i'' 

.itiotpitousiy mixed ivifh 35 ,uois,,’„ of thr'n;;r"'’;:tersei:'i:r‘ 

atioii 01 the cxe-e.-^s ot potasMiim salt- (ht iu-t m,v ^ 

imtaasiuiii magiiesiiiiii sulphatoeliroiiuite have « 

toliit.oiis richer in chromate, for e.xample iroin su,.], 

three times as much double eliroinate a. dou'l.lc <uli.hite i-h ! n' 

!«chiu of Ihe tricIi,,ic\i.hxdio 0 1, •h.t''; f°'rT 

iransformed. ' ^ slowly 

«2iiic oxide has bLnLletolainne'rid- ni structure 

^P«ctniiii. It is shown tlni th/.' ^ the A-ray 

^«-'!asonal space- lattices tiidr 

T 1 very dosoiv 

I^the latter cw lm '’T Hose packing. 

>vi,h , 1,1. CO hex ooiiri ch'::b:.f i’' """ 

if Ihe latter l>e , aiT.ingeiiiciil of 

Wei to the li^xamiial ax!i'*"T'' i" '.J*' 'iirivtioii 

ir> 
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I'632 to 1‘608. The oxygen a-toms are probably on two hexagonal 
space-lattices identical with those on which the zinc atoms are 
situated, and derived from the latter by a movement of translation 
parallel to the c axis, which brings every oxygen atom into the 
centre of four zinc atoms arranged at the corners of what is very 
nearly a regular tetrahedron. The observed spacings agree well 
with the calculated values; they are: plane ( 0001 ), c/2 = 2’58 A U • 
(lOTO), 3 v/3/2 = 2'80 A.U.; ( 1120 ), a/2=:l-61 A.U.; fioin 
2’47 A.U. J. F, s. 

Atomic Weight of Lead from a Japanese Radioactive 
Mineral. Theodork W. Kichahus and Jitsusaburo Sameshi^a [J 
Amer, Ohem. Soc., 1920, 42, 928 — 930). — Lead obtained from a 
mineral crust found at the bottom of a hot spring in Hokuto 
Formosa, Japan, has been used for atomic weight determinations' 
This mineral, according to Hayakawa and Nakano (A., 1912 
ii, 1123), contains also cerium, barium, lanthanum, ionium' 
polonium, and radium, but no urauiimi or radio-lead. The 
metallic lead was converted into the chloride, and the ratio 
PbCl 2 ; 2 Ag determined by Richards's method (A., 1914, ii, $ 53 ) 
\vhen, as the mean of three determinations, the value 207‘13 
obtained for the atomic weight. This indicates that the material 
is mainly ordinary lead, with posubly 5% of an isotope of lower 
atomic weight. J. F, g, 

The Separation of the Rare Earths by Basic Precipitation. 

I, Wilhelm Prandtl and Johaxjia Kauchenbkkger [Ber., 1920 
53, [A], 843 — 853). "In its usual form the basic process for the 
separation of the rare earths suffers from the drawback that the 
solubility of the precipitated hydroxides or basic salts in the 
mother liquor is, in general, very small, and the absolute differ- 
ence in solubility between the hydroxides of neighbouring earths 
is minimal ; iu order, therefore, to avoici local excesses of hydroxyl 
ions and to achieve a reasonably succevsfnl fractionation, it is 
necessary to work with exceedingly dilute solutions which neces- 
sitate lengthy evaporations, etc. An amended process is now 
proposed w'hieh permits the use of solutions of any concentra- 
tion, it being only necessary to ensiire that precipitation is 
sufficiently slow to be. truly selective, and that the most sparingly 
soluble substance actually se})a rates. This can ]>e effectefi more 
advantageously liy lucreanng the soI\iV)iUty of the precipitate in 
the mother liquor than by dmple dilution, whilst at the same 
time the absolute difTercnces in solubility between the precipitate? 
of neighbouring earths is increased and their preci])itatioii i? 
delayed. Since the reaction between amnronia and the salts of the 
alkaline earths is reversible, MCI, --- 3NrrpOH ^ M(OH);^ - 
3XHjCl, its course is dependent on the concentration of the 
ammonium salt; increase in the concentration of the latter 
increases the solubility of the earth hydroxide in the mother 
liquor w.thin certain limits, and delavs its precipitation hy 
ammonia. 
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authors have attempted to measure the equilibrium of the 
reaction under varying conditions in the cases of lanthanum, neo- 
dymium, and pras^ymium, and have obtained similar, but not 
identical; results by approaching the subject from the two sides. 
Since it is found that the precipitate does not consist of the pure 
hydroxide, but of a strongly basic chloride of varying composition, 
the pure oxides were treated at the requisite temperature with 
aiuintuiium chloride solution on the one hand and the basic chlorides 
CO formed were subjected to the action of 1, 2, 3, 4, and 5*V -am- 
monium chloride solution, whilst, on the other hand, the metallic 
chlorides were treated with the equivalent quantity of ammonia 
aud so much ammonium chloride as to make 1, 2, 3, 4, and 5.V'Solu- 
tious of the latter at 15®, 30®, oO®, and 100® in closed vessels until 
eqiiilihriiun was established, after which the amount of ammonia 
and of earth in the solution were estimated. It is found that the 
solubility of the basic salts (formed from the oxides) in ammonium 
chloride solution is always less than that of the basic salts obtained 
by precipitation with ammonia. In either case, the solubility of 
the precipitates increases to a maximum ^vith ammonium 
chloride solution, and then diminishes. It is also obseiwed that 
under otherwise similar conditions, the content of the solution in 
earthy inetal, but not that of ammonia, to a marked extent depends 
on the amount of the precipitate, which indicates an adsorption of 
the (partly colloidally) dissolved earthy salt by the precipitate. 
The curves also show that lanthanum is relatively greatly distin- 
guished from the didyinium component by it,s greater basicity, and 
that need vmi urn and praseodymium are very similar in this respect. 
They also indicate an extrcjnely important inihience of temperature 
on the separation prtK-ess ; the lanthanum curves for 2 and 3-V-ani- 
momum chloride sol u I ion are so widely separated from the didym- 
ium curves at 50^ that a separation .should be readily possibles 
whibt, on the other hand, at a slightly higher temperature, but 
still mider lOO®, the curves intersi’ct, so (hat a separation is then 
imriossihle. The prasroilyinium and neodymium curves generally 
lie Vfi'v clo^e together and inter-eet at definite toin|)eratures. The 
approx imation of the curves at iiiglu r lem])eratures is probably 
e.xplaiiied by the more complete convi r.sion of (lie jn-ecipitate into 
thf' hvilro.xides, the ab>olutc diiieience- between the solubilities of 
which are very slight. 

Badiig their i rtx'edure oii the experiments just iletailed. the 
aiitlioi's describe a very siuc*"-; ul metluvd for the separation of 
lanthaiiiun from its mixture's widi much didviniurti. The impure 
onde is dissolveil to a nearlv m iitral soliitimi in nuxlerately con- 
centrated hydrochloric acid, an amount of ammonium chloride 
equal to the weight of the oxide i'^ .‘uided, and sufficient water to 
make the solution 2 .3,Y with rcs-oect to ammonium chliiride. The 
solution is heated to 50® in a capacious porcrlain didv and a mix- 
ture of eipial volunus of I.V ammonia and I.V-amnionimn ciiloride 
■oliitioiis is slowly aflde<'l with vigoum.s stirring. As st>oii as a 
; ®iderate amount of ]>recipitate ba,< }>een forme<l (almut of the 

15-2 
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original oxide) the operation is interrupted, the precipitate ig 
removed, and a second precipitation is effected in the clear filtrate. 
The alternate precipitation and filtration are repeated in this 
manner until the filtrate no longer exhibits absorption lines. 

H. W. 

The Action of Concentrated Sulphuric Acid on Iron. Hj. 

Charles E. Fawsitt {J, Soc. Chew . Ind.^ 1920, 39, 147 — 14^^. 
Compare A., 1914, ii, 274). — Experiments on the effect of concen- 
trate sulphuric acid oi different strengths on a steel containiiut 
C, O-olAs P, 0-046';o; 8i, 0'083%; 8, O'058%; and Mn, 0-48%® 
showed that the velocity of attack increased as the acid was diluted 
from 97% to 90'9% lloSO^; it appeared then to drop suddenly at 
89‘3%, and below 85% increaseel rapidly. Shaking has an important 
effect in increasing the velocity of action. Steel which has been 
mad© passive by immersion in nitric acid will sometimes resist the 
action of concentrated sulphuric acid, but at times the treatment 
fails to afford protection. Iii some instances paidial iinniersioii of 
a piece of steel in nitric acid has caused the whole piece to resist 
the action of sulphuric acid. 44ie addition of nitric acid or ^ 
nitrate to the sulphuric acid, however, intensifies its action on ?tce). 
The effect of the addition of a number of substances to the sul- 
phurio acid was investigated, indudiug jxjtassuim persulphate, 
sodium sulphate, sodium hvposulpliite, and arseiiious acid, but none 
of these had any appreciable protective action. E, 11, K, 

The Nickel Plating of Aluminium and its Alloys, Lkos 
Guillet and M.vxime Gasnikk [i'o7iipt. revd., 1920, 170 
1253—1256). - The surface of the aluminium is 111*51 prepare<l Ity 
subjecting it to a sand blast. The sand should be capable of pass- 
ing through a O' 2 mm. sieve, ami be used under a pressure of 
1500 grams, cm, “ The nickel depo-it should not be thicker tha?i 
O'Ol mm. If a thicker deposit is rerpiired it is ])referable to apply 
first a thin deposit of nickel, then a tleposit of cop])er 0-02 mm. 
thick, and then a further deposit of nickel. [!^ee, further, 7. So(. 
('hem. Ind., 1920^ 492a.] W, G. 

Revision of the Atomic Weight of Tin. Electrolytic 
Estimation of Tin in Tin Tetrachloride. Gregory 
Baxter and Howard Warner Stai’.kweathf.r (,/. .■\mrr. Chon . 
Soc., 1920. 42, 905 - 917).- -4 he atomic weight of tin has been 
determined from estimation? of tin in stannic chloride. Stannic 
chloride prepared from very jmre electrolytic tin wa.s subjected to 
a careful fractional di'^tillatioin ami portions were decomposed uinicr 
0'3d -hydroi-’hloric aeid, and the solution thus obtaiue<l ele<‘i rolys©!, 
using a mercury cathode which was weighed. The metal obtained 
from the stannic cliloridc was shown liy means of its spectruin to 
contain less than n'O^U 'V, of lead and copper. Two series of experi- 
menhs were carried nut, the first of which gives a mean of llS'Idfi 
for the atomic weight, whil?t tin* second series gives 11 S' 707. The 
mean value of the alomio weight i.s therefore 118*703 from sixteen 
experiments. (Cl = 3.5'457.) J. F, 8. 
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Revision oi the Atomic Weight of Tin. I. Bohuslav 

BuAUNER and Heniiy Krepelka (,/. Amer, Chem. Soc., 1920, 42, 
917 — 925). — The atomic weight of tin has been determined by the 
analysis of tin tetrabromide by means of silver, and the ratio 
guBr^;4Ag obtained; four experiments were carried out, three of 
which are in good agreement, and yield a mean value of 118-70 for 

atomic weight (Br~79'9)6). The fourth experiment is dis- 
carded because o-f an impurity in the silver nitrate used. Other 
methods are investigated, (i) the oxidation of tin with nitric acid; 
Oils method is useless because of absorbed products in the meta- 
stannic acid formed; it yields 118-02, which increases to 118’66 
when the stannic oxide is fused with potas.siurn hvdrogen sulphate. 
Tho electrolysis of diammonium stannic chloride gives a value 119‘03, 
which is too high becau.se of ditfioulties in the complete reduction 
of the cathode deposit after heating. The synthesri of stannic 
l^Riinide wa.s found to be unworkable on account of the difficulty in 
p^timatiu'^ the excess of bromine in the stannic bromide. 

J. F. S. 

Revision of the Atomic Weight of Tin. II. Henry 

Knrrm.KA (-/. Jmcr, rhr}». Sor., 1920, 42, 92:) 028, Compare 
preceding abstraot').--A further series of atomic weight determina- 
tions for tin. The methcKl wa.'^ a determination of the ratio 
SiiBri : -lAg, Oreater precautions were taken to exclude mois- 
ture from the stannic bromide. The mean value of the ratio 
SiiBr^ mlAg is found from six exj'erinnnt'- to Im I'dlfFd, the 
extreme values l>ein<: 1 01580 ami l'0b“02. From thi- the atomrn 
iveiL’ht 1 18T)09 ^O'Oin is calculated. ,T, F. S. 

A New Series of Complex Compounds : Antimonyoxy- 
iodides. A. C. Vourvazo.s {Cmipl. rnul, 1920. 170, 1256-1259). 
-When antimony tri-iodide is decomposed bv water to give anti- 
TTKviiv oxy iodide there is an indication of the intennediate forma- 
tion of an unstable rnmplex acid. H ,('S'!)Of..|. Tn support of this 
view it has been possible to ]u-epare the correspomling mercurv 
ami copper salts. When antimonv tri-io lide and niercnrie evanide 
in einiinolecnlar projmrliims are wanned in mid-t amvl alcohol on 
a water-bath for four to six biiur>^ .);;);-.■)))•'/ 'Oi'T.-oo: v))r)/?Wu/e, 
lls/ShOb<). m. p. 78'^-. is nbtaineil. This C'-'miMUind i* decomposed bv 
concentrated acid.s, but can Iw' recrv.'-P’.llis.-'d from rob! dilute hydro- 
diloricaeid. It is decoin i-O'i'd bv alkali hvdro.\[i)es. With copper 
afftate under similar condition-; an*:m<>nv tri io-di le give: ropufr 
rufSbOT V 

If niercnrv cyanide and antimonv tri iodiile are In aPd together 
in (Irv xvlene, wermp*)/ llgb''' ], (CXYd. 

ol'tiiliu'd. which when treated with nnii-j amvl ali-olnd, give.s the 
ntitimoiivoxvindide describe* 1 al’ove If (1;'^ heating in xvlene is 
wntimu'd. a frinirrrtir^/ Hg ,1. f'b’Xy 1. is 

ditaimd. Under similar conditions, cuprous evanide yields ntprou^ 

fl«tj»!w;v/WocyumV/c. OivfSb..T/rNY,]. ‘ W, 0. 
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Tie Mathematical Possibility of Increasing the Yield or 
of Heducing the Proportion of the Reacting Substances in 
certain Chemical Reactions. II. Angel Perez Hernandez 

(Anal. Soc. Quim. Argentina, 1918, 6 , 306— 322).— -The author’s 
method (this vol., ii, 107) is further illustrated by application to 
the equation + 8 KNO 3 + 3Co = SK + 3 K 2 SO 4 + + 400^ -u 

C0+4N2. ' *' w. R. s: 


The Properties of Mixtures of Selenium and Antimony, 

H. PELABON (Inn-. Chun.^ 1920, [ix], 13, 121—153). — A micro-* 
scopio examination of mixtures of selenium and antimony fused 
together shows that, for certain proportions of the constituents the 
liquid mixture may be formed of two phases, the densities of whieh 
are nearly equal, and that the only compound that can be obtained 
in the pure state by direct fusion of the two elements is the 
selenide, Sb^Sog. A study of the E.M.F. of solution of these alloys 
shows that it increases at first with the time, and finally tends 
towards a constant value. This value will vary with the relative 
proportions of antimony and selenium present, and if the E.M.F ’s 
are plotted against the antimony content there is a sharp inflexion 
corresponding with the selenide SboScj- All alloys richer in anti- 
mony than the selenide Sb^Se^ give piles sensitive to light, the 
E.M.F. rising sharply on illninination and then droppincr slowly 
the drop becoming sharp when the source of light is removed. The 
red rays are the most active in promoting this effect. 

With a pile in open circuit the E.^f.F. diminishes gradually 
with rise in temperature, but in closed circniit the E.M.F, increase? 
rapidly as the temperature rises. 

Curves are given showing the variations in the resistance and 
thermoelectric power of mixtures of antimony and selenium with 
variations in composition and temperafiire. " W. 


Bibliography of the Metals of the Platinum Grour 
Platinum, PaUadium, Iridium, Rhodium, Osmium' 
Ruthenium, 1748 1917. Jas, L. Howe and H. C, Holtz ({/s' 
Ged. fturfe;/, Hull, 1919, 694, 4o4 pp.). ' ’ 

CuKMir.M. Abstracts, 


Mineralogical Chemistry. 


The Oxidation of the Ingredients of Banded Bituminous 
Coal. Composition of Coal. hREOKKicK Vincent Tidkswell 
and Richard Vernon Wuekekr (T,, 1920, 117, 794—801), 

An^ysis of ^ a_Pyrargyrite, Oarlos Castro (Bol. Min. Mtxm, 
1919, 7, 275 277). -The pyrargyrite analyse! came from T’^nion 
de rrovkieucia, San Kelii.e^ Slate nf (iuanajiiato, Mexico, Tlie 
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crystals were separated from matrix and pulverised, and the sul- 
phide mineral was decomposed by heating in a current of chlorine. 
Xhe mineral consisted of: pyrargyrite, 98-34; argentite, 1*61; 
pyrite, 0'37%, of which the pyrargyrite was represented by: 
S 17*40; Sb, 22*13; Ag, 58*81%. Chemical Abstracts. 

Backstrdmite, an Orthorhombic Modification of Mn(OH)^. 

0 Aminoff {Geol. For. Forh.y 1919, 41, 473 — 491). — Black ortho- 
rhombic (fl.:5:c~0'7393:l :0‘6918) crystals, occurring with pyro- 
chroite in the cal cite veins at the Langban mines, Sweden, are 
believed to represent a new modification of manganous hydroxide, 
^0 which the name hdckdromite is given. In composition, how- 
they are near to manganite, as shown by the following 
analyses by R. Mauzelius: 

Ma^Os- MnO. 0. MgO. CaO. PbO. 


1 77-80 11-59 — 1-68 0-14 0-04 

JI — — 8-19 2-31 traco 

H.,0 HiO 

Sb.Oj. Fe,Oa. (+130 ). (-laO”). Total. 

] 0-07 0T4 5-10 3-24 99-86 

II trivce 0 43 8'50 3-54 — 


Other determinations gave; 0 (iu excess of MnO), 8T5, 8-67; 

(4-130^). 9-05, 8*57; ILO (-130°), 3*27, 3*65%. A partial 
analysis of the associated, altered pyrochroite gave: 0, 8'26; II^O 
(4-130°), 8*31; HoO (-130°), 3 94%. The cry^stals are often 
eiicrusteri with a regular intergiowth of pyrochroite, the rhombo- 
hedral modification of manganous hydro\i<le; and Rontgenograms 
on the face (010) are identical with those on the face (111) of 
pyrochroite. It i.s therefore conchule<l that the cry’stals represent 
(louhle pseudomorphs, the change being backstrdmite — ^pyro- 
— >■ manganite. Other compounds of the type R''(OHy, 

Wonrin<» to this isodiiuorphous series are the rhombohedral 
ii'uOHU (hrucite), t'a(Oll).. and ('d(On).,, and the orthorhombic 
C^OTIb'ana Zn(Oll).,. ' ' L. J. S. 

Sphenomanganite from Langban, Sweden. Oust. Fltxk 
(Co//. Fi'>r. furh., 1919. 41, 329- -336). CrYstals of manganite. 
I) 4 2!). exhibiting a sphenoidal haldt, Injt otherwise identical with 
(.diiiarv manganite, gave on analysis hy Mauzelius: 

Mn.-Oj. MnO. O. BaO. R 0. Total.* 


I 71)69 8-76 0;b5 1187 — 10-10 100-22 

II 81-1 SI -- 0 7 0-0 l-O 73 99-4 


• IiH’l, .'4iO, (Ml. Sb.y>j 0 *25. TaO trace, Phd O lll 

('in.Mic.w. An STB ACTS (L. J. S.) 

Chubutite and the meaning of its Discovery, K. Uimaxm 

,sV, Qinm. Arffrvtin^, 191 S, 6, 323 328),- -The author 
points out that leml oxide is dimorphous, aa it m-stalHaes in (he 
tetragonul and rhombic .systems (Larsen. .Iwcr, Min., 1917, 2, 
l5i, wlnbt tile known oxychlorides of lca<l crystallise a.s fol]ow‘s; 
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Denfieldite, PbO,2PbCl.„ liexagoual; matlockite, 2PbO,2PbCl,, 
tetra-^onal ; mendipite, 4PbO,2PbCL, rliombio; pseudomendipite, 
6Pb0 2PbCl.), rhombic; lorcttoite, 13PbO,2PbCU, and chubutite, 
14Pb6 ‘'’PbCl, tetragonal. It is suggested that the oxyehloride.s 
of lead^form a continuous series, and that the dimorphism of lead 
oxide cersists in the mixed crystals, although the dimorphous modi- 
fications of one and the same oxychloride have not yet been 
oWrved The determination of the optical constants and the 
melting points of the oxychlorides should be helpful towards eluei- 
dating^he question. ■ S. 

Baryto-celestine and the Relation of Anhydrite to 
Celestine and Barytes. M’ernek Gr.uimann [Jahrb. M,n mo, 

1 1 .>3\ 'Xq elneidate ilio i-omarpiious relationships between 

anhydrite 'celestine, and barvtes. the thermal melhnd was applied 
to determine how the transition point of each substance is affected 
bv admixture with one of the others, whilst density determinations 
0 the mixtures were aho made The transition , mints of the 
pure substances arei ealeinin sulphate, 1193= ; strontium sulphate, 
11500. Parium sulphate. 11-19= Por the experiments, the pure 
sulphates were ground to.jether in the desired proportions and 
heated in a platimim crucible to a few degrees above the traiisiticii 
point The cooliim curve was then followed by means of .i 
Platinum- platimim-rhodinm collide. The condition diagrams for 
the three hinarv are driven. Strontium and baninii 

sulphates are ini^cihle iu all ]9rn]dortion^ in both a- and 0-fornis. 
and barvtocelestine is therefore a true isomorphons mixture. 
Calcium ’and strontium sulphates are completely miscihle in the 
a-fonn above the transition trmimrature. but in the ^-form thev 
are isodimerphous. Addition of strontium sulphate to ealeiutu 
sulphate first raises th^ transition temperature up to about 
20 Tuols '’n SrSO,; then up to SO moh. C. the transition tempera- 
ture t^raduallv fall^ to a niininnirn at 1010^. The saturated 
j3-raixed crystals co exist in:: at the entretic temperature contain 
55 to 82 mols. Sr80,. The denutv curve.^ indicate that the 
form of^ strontium sulphate i^omorphmts with anhydrite should 
have a dendtv of 3-55, whilst the srennd f.irm of calcium sulphate 
should have a dendtv of 3'20. llarium Milphate_ and _ calrnun 
nilphate are likewise i-odimornhnn ■, and their mi-=cihilitv is slif^ht, 
at most 5 mols. of cabdnin ^nlnhate in the harnim sulphate 
crystals. The cninno.dtions of nainrallv Of>enrriuL' minerals are in 
full a-^reement with the exi^rriment al re>ults, and it is 
that the name barvto eelp.i inn dmuld be rontitied to minerals 
containing between 10 and 00 nmlp "d of barium or stroiitiiun 


sulphate. 


E. n. T. 


Alurninium Sulphate from Chile. .Vrrr.io A. Rado {Bol 
Minem .«fee. .Vce, .Vb., (rhil,\. 1019.^ 31. lOd 197), wlute, 
fihroiis mineral, ret err-' d to Ixeramohalite. Loive. 


AbO.,' 

j:Wg 0-05 Iraee O-ltO 37<3S 44*77 
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small part (0-367%) of the sulphuric acid is free. According 
{0 Ai'fjenima, 73, 351, this analysis corresponds 

54'70% Al2(S04)_,, and the formula is AU0(SQ4)2,12H20. 
This appears to be identical with the basic sulphate investigated by 
Marguerite (Com/pt. rc,nd.y 1880, 90, 1354). The mineral forms 
Jhoiuhohedral crplal.s, and is readily soluble in water. It under- 
hydrolysis in dilute solution, and is capable of coagulating 
'iispended matters. Chemical Abstracts (L. ,I. S,). 

A New Mineral from Katanga. G. Cesaro [Ann. Soc. Giol 
pjijifftie, 1912, 39, BiiH. 241; Annexe to vol. 39, Fnhl. relatives 
fii/ ('oiKjo hi'hje, 41 — 48), --Crusts of minute, blue or greenish- 
blue crystals are found on limestone and sandstone in the ^toile 
(111 Coime copper mine. The crystals are orthorhombic, with 
Jj./,:^^0-9844:I :0'7679 or 0-9771 : 1 : 0-7872 ; H 5J, r?. about 1-7, 
l^jj,^fi-i,)gence about 0'120, 2E 55% optically negative. Qualitative 
?ho\v it to be a copper cobalt phosphate, and from the 
duiilarity of the crystallographic and optical properties to those of 
likth^mtc olivenite, etc., the formula is prohablv 
(Cu.Go'}(0TCP0,. 

for this initieral the name runifiifc has been propose^I by 
|[ Bntt'icnbach Mini ran r tf h < Forhf-\ Lliqf’. 1916). 

Ciip:mk-al Abstra'-ts. (T,. J. S.) 

Amblygonite from t)t6. Hei.oe IlAr:KLuxn (GVd. Foreiu 
Fu/dt., 191% 40, 757 -775).. -The irdneral had 1) .3 065, a 1*5910, 


^ l-r)0-|6. y 
italilhoin gave: 

1-6] 25 

. 2V 

about. 82 

p>''. 

The analysis by 

Sin,. 

TjO,,. 

A),0,. 

1 

,i,o. y. 

HA TntA 

iyiiO 

biio 

Vy-.i 

g-Ti : 

7SI ii-io 

2-is loj-g: 
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Meta torbernite I, its Physical Properties and Relation 


to Torbemite. A. F. Halumom* i 

-■■T(irhc‘!-iiite '■ from (Inn iiis!ak(', ( 
.radii over 55'‘' suljdiuric acid ai l! 
ttver ('Oii'-eid rated ai'id it i-lawlv !■• t 
afler innrc than a y* ar. 'I'liis iiiaL u 
lA. 191% it. 258). ditfcriiii: from f^'c 
(wl’idi ha- ]) 3'22 ; rcfra<-tivc 'jido '.- 
'i:'--.-! ;2-97). This natural nict.t t"!' 
Ul'%3. E 1-625 (X, L. lloueii, 121 
torl'pridte, P ‘I 'dlO, i> conv**rtcd in;n 
imlfr 'A'at*‘r for si-vrral liours at I 
I'd, iiii'i there i.s a Ins.; in weiL-hi 
tie ('hail iie from Cud’O.) ( ITT i.d *; ! 

tM formula reorrsmts tov'-r 
tebriiitc I. A niorplint rcipic re! ! ! :i 
<>hV two suhstance.s. .-unj rlie extra 
ill layers that alternate with 


Min. yinj., 1020. 19, 43^47). 

’ornwall, r-iitTered no loss in 
ii* ordinarv temperature, but 
water, amounting to 10-1*% 
,i! i.s re.ilU* meta-torbernite T 
terbernite hiflierto examined 
1'50'2. f l oS-J: axial ratio, 
hcriiit4> 1 lm.s 1) 3-683. 3-700. 
9i, am! u:c :l:-2 28. When 
im-‘a-t<u*hernite I bv heating 
the density changes to 
(d 7*11 ‘ , (-orrewpnnding witli 
f (1 to CutCO i fFO,);:.8H.O. 
mile and iho latter nieta- 
m exists l^'twoen the ervstals 
tour molecules of water are 
b.iMil layers having the con- 
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stitution of meta-torberuite I. From the mole^lar voltes, it i, 
calculated that this extra water has a deiisity of 1 2 m crystal. 


Pvrobelonite, a New Lead-Manganese Vanadate from 
Lfngbii, Sweden. Gust. Flixk {Geol ior. Fork, 1919, 41, 
At^?4471 ---This new mineral forms deep-red cryatels with 
adamantine to sub-metallic lustre, which are orthorhombic 
f„T. "Io' 8040 ; 1:0-6509) with prismatic or acicular habit, fr 
brittle without cleavage; H 31 D 5-3T7, Associated minerals 
are haiismannite, barytes, barysilite, pyrochroite, etc. Analyses 
by Mauzelius gave (Mn:Pb- ( -.4) : 

vn PO,. PbO. FoO. MnO. MgO. CaO. H,0. SiO,. 
T IQRI o'oa 48-99 9-5'‘ -5-93 0-96 0-62 n.d. 0-22 

jl - 48-74 0-48 24-99 0-53 0-92 n.d. 0-22 

The cmtallographic and optical characters show a relation to 
?iil ol descfoizite. Giiemical Austbacts (L. J. S.), 

previously known only in granite-pegniatite at three localities, has 
E found as small nmlule.s embedded m Cretaceous greensand at 
Eoiii, forty miles north of Perth. It is white, earthy, and very 
fr ab e Under the microscope, it shows ini.iiite, angular par bees, 
which are birefriiigent and have retractive index about PI ,. 
-n m710-‘’-7‘’0 Associated minerals are phosphatio nodules, 
t^^auconite. 'ka'oliuite, halloysite. i'mon.te, quartz grams. 

aU some organic matter ; gibbsite [A1 011131 also found m aa 
linderlyinv shale. Analysis I is of the greensand matrix IreeJ 
from any visible oearksiitite. IT. by H. Bowi.m-, of a dark grey, 
phosphatic iioilule consisting of (luorapatite (ori%l w, h calcic 
014%) and included glam-ouite, quartz microc me, ami 

organic matter. HI of fossil wood petrified by apatite from 
or^ensand at Daiidarragaii (fifty miles north of Gmg.n), where it 
fs assoeiated with diifrenite and some viviaiiite and wavellite, 
TV bv H. Bow LEY, of gearksntite. 



SiO.i. 

Al.Os- 

Fe., 03 . 

F(0, 

MnO. 

CaO. 

MgO- 

K,0, 


'’)9'70 

81.^ 

10-47 

O', 33 

nit 

2-96 

2-32 

2-S4 

II 

Ill 

... 17-83 

1-26 

2-24 

trace 

2-20 

101 



0-78 

40-60 

53-88 

1 CO 

1-17 

MO 









Total 


XajO. 

H,0. 

H,0. 

CO,. 

P,Os, 

F. Organic 

less 

. OlorF. 

r 

TI 

nr 

017 

O-tiO 

5-17 

()-04 

0-22 

4 73 
211 
0-80 

0-25 

5-(i2 

l'3l 

1-72 

24-80 

38-80 

0-77 

2-94 

300 

0*42 

0-48 

0-18 

m-%* 

99-84 

101-16! 


Al. 

Ca. 

K. 

Xa. 

HjO. H,0. 
F. - + 

0. 

Total. 

IV 

].7'38 

22-13 

0-00 

O-OG 41-26 0-1 

2 15-88 

[4-88] 

1 100-00 1 


• Incl. TiO, 0 09. t lu-'I Cl 0 tr»» 

+ Incl. F 0 . 2 O 3 , 0 0:»; K.,0, O Dl, present as glancanito ; quartz, U’U , A;; J’ 
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Gearksutite is readily soluble in cold dilute acids, and the solu- 
tion etches gla^. It is decomposed by a hot dilute solution of 

filth at 300 at 320 the loss is 14'00%. Heated rapidly to a 
red heat, it gives off hydrofluoric acid in addition to water 
Analysis IV corresponds with 86*5 molecular % of 
CaF2,AlF/0II,H,0, 

,.;,h 13-5 molecular % of CaF;AlF(On),,H,,0, The genesis of 
tJie miii^r^l is discussed and equations given. In granite- 
p^matite it 13 of pnenmatolytio origin ; hydrogen huoride acting 
„„ the felspars of the rock gives, in the first place, normal 
anhydrous salts (cryolite, etc.), and later, with the cooling of the 
joliitioii. normal hydrous salts (paehnolite and thoraseiiolite) and 
lastly, liasic salts (gearksiitite, topaz, etc.). Tn the sedimentary 
rock at Giiigin, the mineral has evidently Ircen produced by the 
action of carbonated water on fliiorapatite and gibbsite. '' 

L. J. .S. 

Meteoric Iron from Yenberrie, Northern Territory of 

Australia. John C. H. Mingaye (J, Washington Acad Sci 1920 
10, 314--31G).-A mass weighing about 291 lb, was, found in 1918 
eiiibetlcled m sandy soil about t wen tv mi lei? S.S.E. of Yenlicrrie 
The stnictiire is that of a coarse octa'hedrite with very thin plates 
offaeiiite. Anal, I is of the inetallio portion, D 7'30i DupWate 
determinations gave Xi t-Co T IG, P 0 19,9, C 0 OG.o, In 100 grama 
»t the iron 0 00026 gram of idatiniim was found. Tin and gold 
toiild not be detected, TI i,. of a Mack, brittle material found 
coating pieces of mel il from ,a dark nmlule in the centre of the 
nia«. Tins coii.sists mainlv of sulphide and ))hosphide III of 
small, brown plates and lath-, e\di-emelv brittle and stronvlv 
magnetic. It consists largelv of sch.ci'-ersite with magnetite and 
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L. J. 


Rhythmic Tubular Rust Formation in Meteoric Iron 
from C^on Diablo. K. Esuki,., tKoU.ad. ? mo 26 

.io-.lj).-.-ln specimens of ineUvric iron, rust (ferric o\ide and 
ffroxKle, IS fourul. which penetrates into the iron ,1,^ ', the 

Sll'hVr -"-t..re. l"i,e”?onm 

on S held to lie due to the setting „p of hval eleolric currents 

'CwilS'iiTri’ iK first formed'; 

ed. and the feme hydroxide is .lejuxsito*], J. y s. 
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t i-T-ovimptrio Analysis, with Special Reference 
of Erro" L UobJ{ZM anal. Chcm., 1920, 59, 
to Sources ot trro accuracy of geueral gravimetric 

o« Xh cannot he eliminated completely are those 
methoils. Errois w • indnceel precipitation, formation 

due to solululity of 1 1 occlusion, and inclusion. Other 

of solid solutions, ^2t der control, are those ilue to the action 
sources of error, mo ^ earhon dioxitle on the precipitate, com 
of atmospheric and decrepitation or partial 

tamiiiatioii Irom ^ \ different errors may have a 

volatilisation dunng i^nitio . W. P, S, 

compensating effect. 

X ■ V 4 . 5 VI Pftlarim6tric DstGrininationB. Lms 
Yellow Light W18. 6, 497-^^99), 

GrCLiALMELLT (. /'u . ‘ ^ p sodium chloride, Pupoiit 

(A., 1897 .il, ,77) ^TrXrrien satisfactorily. For its’pre. 
phate; this n *ou disodiiim phosphate is dissolved in 

paration, 1 gram-mo e each of sodium hydroxide 

:.risr‘'Tbr«.oi.. .« ..o™. ^ 

residue fused. 

Colorimetric Estimations 

No X®/. 42. KI9 i:50).-The authors have 

examined ivith much care the prii, epics „,perlxnng the ordmarv 
Ze of the colorimeter for quantitative .ivoik particularly ,n such 
cX as the Bendiot method for the ehimat.on o dextrose, i^ere 
IXcoloiired substances are present. From this study, it ,s shoivn 
Lt there is grave d.augcr of the introduction of serious errors m 
such methods unless the standard ami the unknown solutions a, e 
nearly alike in composition and concentration. .1. t. . 

A Photographic Turbidimeter. W. G. Bowms and J.icob 

Uasvl </ 1»-"' 42. 191 198b Tim apparatus, 

which is' described and illustrated, is fadiioned so that a stronr 
H»ht is pa,ssed through a der,nite and comparat .v.dv narrow foil,™ 
onhe s ibstaucc in question, and wb.at is noMost ^ 

o an oil siKd on paper. On the other side of the spot falls a to 
0 light of equal iuilial intensitv, iu llm path of f 

groull glasl disks are iuserte,! until equality of lllimnna^iou is 

obtained. 

Decomposition (or Removal) of Ammonium SulptWe “ 
Qualitative Analysis. F. Fkic. (Xntsch. ^nalCy,n m.59 

Vb. -..WTieii a solution containing amnioniimi f , 

llrmed with the addition of a digU ’ji'S S 

filtered, a clear filtrate is obtained wbub is free 
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.ulphur. This method is preferable to the usual proeedure for 
removing excess of mmonium sulphide (acidifying and boilins to 
cxpe^ hydrogen sulphide), since colloidal sulphur is not formed and 
is no danger of oxidising a portion of the sulphur, with the 
foriiiatioii of sulphuric acid, which would interfere with subsequent 
tests for alkali earths. WPS 

Estimation of Bromine. F. Wc.nscue (^Arch. expt. Path. 
I’kriii; 1919. 84, 3.8--339).— Ill order to estimate bromine in 
m-gamc matter the substance is dried with sodium peroxide in a 
mckel basin, first on a water-bath, then on a free fame, and 
eventually incinerated Jhe ash is extracted with distilled water 
and filtered, and the fltrate neutralised with concentrated 
sulphuric acid ami treated with potassium permanganate and 
sulphuric acid, llie tree bromine is carried over by means of a 
current of air into a vessel containing a known volume of magenU 
a,Kl suljihiirous acid The bromine is then e.dimated colorimetric^ 
ally ])y comparing ^the violet coloration which is prorluc^ with a 
set of standards. Iwo mg. of neuronal were estimated in 30 c c 
of blood with an error of 12%. Neuronal, adaline, and bromural 
were estimated in frog s tissue by this method with an error of 
cibout i ,Q- S S Z 

Kendall's Method of Estimating Iodine in Thyroid 

preparations. IS. H. Kuzikian {I*ioc. Iowa Acad. Set, 1918 25 
i9j.-496).-(i) 111 destroying organic matter, it is advantageous 
:o use more .^odiiini hydroxide and le.-s potassium nitrate to obviate 
ie loi-matioii ol large quautitii^s oi nitnie, which tend to liberate 
iodine. (2) Organic substances witli high a.di content often con- 
tain iron or some oilier interfering element, which oimht to lie 
;liiiiiiiated_ before tru.^tworthy results can lie olitained. Filtration 
it this point does not altogether eliminate the interferincr action 
jtadi \\hen. however, the .odium hydroxide fusion was taken 
up with hot water, a few grams of .■^o<lium carlxmate and some 
talc added, and the solution brought to boiling and kept Imiliim 
lora tew minutes, set aside for two hours, and liltered the filtrate 
wa^ree irom interfering l.a.dc elements. (3) In acidifying the 
above nitrate with 8;) V. syrujiv phoqihoric a<ad. the ‘auLor's 
e.vpeneiice was well m accord with that of Forbes. Bee^de and 
others, who found that one or two drop.^ of pho>phoric%cid in 
msidbeient. to assure expulsion of all bromine. Even 
erthe ;u IhUon ol I to I o.c. in tl,e whole of the 

ranme couhl he boile.l oil wtthoni, o.-unin,. any loss of iaiine. 

Kmlaldt r estiniatlno iodine .in-ordinj to 

wre arl.Ln : b'" oe. of a.-id 

‘practice if Tl'T d '-i " '’'■01111^'. it ^y,^s made 

ivw II,; ' ‘■‘ v" '’I”"'’' expulsion of hromine. 

e-u I'omlitions, the author found the melliwi applieable 
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far tankage, roughage, and other -S-- 
per cent, or asn. 

Modifications in the Technique of Estirna^ Oxygen 
in Blood with Van Slyke’s Apparatus. E. P. Pooltos {I nc. 
PkvM. Soc., 1920; J. PhyM; 1920, 53, Ixi. Compare A., 1918, 
ii ga\._Modilications have been introduced Avhich avoid certain 
errors due to the presence of dissolved air in the reagents, and 
which shorten the estimation. Ten c.c. of dilute ammonia are 
shaken with some crystals of potassium ferricyan.de, a trace of 
saponin, and four or five drops of octyl alcohoL The mixture is 
olLed ill the cup and drawn completely into the apparatus, and 
Lied with mercury. By reiluoiiig the pressure the dissolved air 
L wLdrawn from the reagent, which is hen returned to the cup 
The blood pipette has a small ring of fine rubber tubing round 
the tip By this means, the pipette, when full of blood is pressd 
down beneath the ferricyanide mixture on to the bottom the 
cup and on ti.riii.ig the upper tap of the apparatus, the b ods 
Llivercd directly into the burette w-ithout admixture with the 
reagent. On removing the pipette, the last portion of the bW 
is washed ill by the fenicyaiiide mixture. 2 or 3 cm of he latter 
being allowed ‘to remain behiml m the cup. The t^P tile" 
sealed with mercury. 

Dptection of Water in Alcohol and other Organic 
So° en?f F. HexL (Bcr., 1920. 53, f/f], 719-722).-Wh™ 
iiomal aluminium ethoxirle is heated at about 340“ until the 
temperature, as indicated by an unmcr^ed thermometer, begins to 
fall it yields a heavy, vellow. semi-sohd mass, the composition 
of whiL cLespoiids with the fonuula Ab(0Et),0; if the action 
i« continued until the theriiiometer indicaU's .130- oi le>E, a brittle, 
vellow resin is obtained, which has the approximate composition 
Al Both sub^tauce^ are soluble in xylene and are suit- 

able for the detection of water, the latter compound being the 
more sensitive. The reagent may lie readily prepared iii a sing e 
operation hv treating aluminium turuiugs with absolute alcoho 
and a bttle mevcnric chloride, heating the product tor several 
hours on the water-bath until the a!., minium ethoxide jpears 
dry, distilling off the alcohol ot (■|■y,talllsatlon at -10 “O'®” 

finally heating the crude alumuumn ethoxide at aliout 340 tor 
an hour. The jiroduct is dioolved in about a litre of dry xylene 
and the solution filtered through a dry jiaper. J’’," 
vellowish-browii liltriUe. can be preserved iiulefiintcl) i 
'absence of moisture and air. The to-t is 

a few drops of the xvlene solution to a lew c.c. of the liquid iiniie 
investigation; according to the quantity of water presenh^ 
voluminous, gelatinou- precipilale nt ^‘'’>'7'’'"';’. p 
diiced immediatelv or after a tew seconds. 

obtaineil in the variou- ca.se.s, with the rerceutage of ‘ 

in brackets after the name of the solvent; V' ^1'"" ; 
methyl alcohol (0 1), ethyl ether (<'-nO-.l, ethyl acetate (0 1), 
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(O’l), acetone (1). The two substances last named may 
^ white turbidity, due to the precipitation of excess of 
ethoxide, which, however, may readily be distinguished from 
3 ]v\miniuni hydroxide, as it readily dissolves in xylene or in an 
of the reagent. H. W . 

Oxidation in Relation to the Estimation of Sulphites. 

P j. Waterman {Ohejn. Weekblad, 1920, 17, 196 — 197). — The 
(jxiflatiaii of sulphite solutions in air, aa measured by the increaa- 
ji^o voUinie of the solution required to reduce a givejj^ quantity 
proceeds fairly rapidly in the case of sodium hydrogen 
sulphite and very rapidly in the case of normal sodium sulphite, the 
li^,(jroxyl ions present in the latter being probably catalytically 
active. Addition of sodium hydroxide accelerates the oxidation, 
tccurate estimations of sulphite were obtained by di.ssolving the 
"gjt in a boiled 5% glycerol solution in a flask filled with carbon 
flio.dde. A measured quantity of this solution is run into excess 
of arid standard iodine solution, also under carbon dioxide, and 
ik residual iodine titrated with thiosulphate. W. S. M. 

An All-glass Nitrogen Apparatus. E. K, Allkn and B. S. 

Davisson (dnn. Mmouri Hot. Gardens, 1919, 6, 45— 48). --The 
apparatus is of the usual Kjeldahl form. The advantages claimed 
are: the elimination of rubber connexions; eflicient scrubbing of 
(.iitraincd alkali from the steam; the us© of Pyrex glass, which 
(Iocs nob yield an appreciable amount of alkali to steam or to 
tdilin? solutions. The rigidity may be lcs.=:ened by one rubber 
connexion between the distilling bulb aud the Kjeldahl flask if 
the sin.'S ciid.s are kept clo.se together. The distilling bulb has a 
capaoitv of 200 c c. : steam enters it through a re curved tube 
■ffuh a jierforated end. Thii' the bulb acts as a trap for scrubbing 
the steam. Chemic,\l Abstracts, 

1. Modified Kjeldahl Method. 2. Carbazole Test for 
Nitrites. 3. Colour Test for Tryptophan in Urine. 

jlV. A, Fkaron (Dull. •/. Mrd. Sd,, 1920, [ivl, No. 1, 28- 32; from 
O'bc!-/', .M'A'fr,, 1920, 5, 79).- (1) The I'cst proportion of the con- 
?!inietit> in the acid mixture for incineration is given. Steam 
lijti'lalioii is best, but Cole's method of distilling with alcohol is 
al'O 20 (k 1 and rajud, Methyl-re^I is recommended as an indicator. 
[(hAll iiriiles give a colour with snlplniric acid, but the tint varies 
lircni orange vermilion to dee]* violet : a large number of sul>- 
staiifej niiidit give colotir.-: (a) jiigineiits and clirotnogens from bile 
iS'i blood, and (/') from indole and derivatives from intestinal 
plrtiaction whieli rcacli tlie tirine via the blood. The red colour 
L'iitribnted to indole derivatives reacting with the a-nitro-groiip. 
htritp s gixo a green colour witli carbazole, (3) Tlie u.'-ual tests are 
S'ltadofjnate to detect tryptoplian in urine, because of the pres- 
»Qe of other indole compounds. If the urine is treatwl with an 
of the Ifopkins-Cole reagent and a drop of the mixture i.s 
to eim cent rated suljdiuric acid, the tryptophan condensation 
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prodBot (allied to carbazole) gives a deep green colour wHh the 
nUri"^ of unne. Tryptophan m nnne is rare. J- C. D. 

Sensitive Reaction ior Nitrites. P. H. IIkrmahs (PUm. 

19'>o 57 462— 463).— The following givis a sensitive 
II eekblud, ly-o, , uitrate. To 2 c.c. of the solution 

reaction l,re,al acetic acid are added, and then 

2 C.C. of 0;0 pot ^ liydro^eii pero.Kide. A 

sulphate 0 02 Gram of sodium nitrite per 

reel coloratioLi indicates iiiiuie. ^ 

litre can be detecteil in this way. 

a- Ar-cPTiir in Sulphur. Harold S. Davis and 

Detecuon ArBemc 

^ method ( f detecting 'arsenic in sulphur (e.'ilractioii with 

techaeppi S 11 etl . tlie solution with silver nitrate to 

"■"'“Tirthe d tlvef“ulplude) is untrustworthy, since sulphur 
precipitate the . 1 resulting aiiinioniiuu sulphide 

.tsclf dissolves 1.1 annuouia, ;dK lesi^^ consi!ts i.. 

Ixidisfnrthi'lulphiir with bromine and nitric acid, ami applying 
tile Gutzeit test to the residue. 

lodometric Estimation of Arsenic Acid. P. Fleury (J. 
louuiue^ii. 185—3131). - The reaction AsAr 

fm “a ''oT-'l 0 ■'is c5upletc in live miiinks when the 

1 contains 2b% of potassium 
reacting -y-r^^ 'AaJoilen chloride. A cpmnt.ty of arsenate 
iodide and 3 b ,o } o lO-iodine solution is dissolved in 
equivalent to abom o ‘p p^el lo c uni (D M71) are added, 
30 c.c. of water, 3 i.t o \vaUn--bath for ihe 

“ir i”?r ‘u- '‘'s-'. .... i........ .... 

cooled, *be lodu e s It 

Owing to the ac 1 i.rt^er ihVu that which should cone- 

“""T‘ ”1 li'°" “.n 21 .iZ ' "I...... 0-.i..-S'.. ». 

Ct''?.,!.,r55 .. ,b.- ...ifu... ....'■ -.-.z f 

titrated with .VaO-iodme solution. 

[Estimation of Arsenic Acid in Presence of Arsemous 
Acid.] Georc JoAc.nMom,i- (Arch.cxj.t. Path. Vhann., 1916 , 80 , 
8 24). — See this vol.. i, olO. 

Spectroscopic Methods Ef mating Carbon Monox^ 

in Blood. H HAiiTKinaE (i’r.x- VIvimuL .Sor.. '»-0 • f- y 
1920, 53, l.vxvii-l.v.xviii). yhe mo-t sutislaetm v 
to be one [)reviously described by tbe aiithui ■, -t ^ 

. The Estimation of Carbon Dioxide and Fe^ant^J 
Sugars. Aktiicb Si-aior iJ . Hoc. Ohcm. Ind. 1 J-O, , 

—The eetimatiou of carbon dio.xido is canictl out an 
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Q^i'bonate soh^tion is placed in a distillation flask connected through 
the neck opening to a trap leading to a condenser and receiver con- 
taining standard barium hydroxide solution. To the side-arm of the 
distillation flask is connected by means of pressure tubing a small 
tube containing dilute sulphuric acid. The pressure tubing is clipped, 
^\')iiletbe whole apparatus is being exhausted, the clip then removed, 
uid the add in the small tube is boiled over into the distillation 
jiask. The solution in the latter is then boiled, and the carbon 
dioxide absorbed by the barium hydroxide is determined by titra- 
tion- The apparatus has been u.sed for determining the quantity 
of carbon dioxide produced during the fermentation of sugars, 
file fermentation was allowed to proceed in a small tube sealed 
off at a fine capillary. The tube was then oonnex^ted to the side- 
arm of the distillation fiavsk by pressure tubing, the apparatus 
\raa exhausted, the capillary tube broken, and the carbon di- 
oxide boiled over into the receiver. The method serves to char- 
acterise enzymes and yea.sts by fermenting with them appropriate 
^ocfars. E. H. R. 

Analysis of Silicate and Carbonate Rocks. W. F. 

Hiueurand Gef}L Survey, Bull, 700, 1919, I— 285).~The 
Bulletin is a general treatise on the analysis of rocks; methods are 
(ievscribcd for the separation and estimation of the common and 
rare constituents of the rocks, and only those methods which have 
'own found to be trustworthy are recommended. Attention is 
directed to the frequent occurrence of boron in rocks, but hitherto 
tlie estimation of this element has usuallv been neglected ; Chapin's 
method (A., 1909, ii, 93) is recommende<l for the purpose. 

W. P. S. 

The Analysis of Natural Silicates. Ivouis Duparc (SnU. 
,V franr. J/tn., 1919, 42, 138- -241 ; from ^'hem, Znitr., 1920, 
ii 6S0).--A summary and extension of many scattered communi- 
cations by the author and his pupils on this subject. The work 
comprises ,a critical re-examination, discu.ssion, and frequently 
’iiCKiif] cation of practically all the important methods of silicate 
inalyds. H. W. 

Practical Methods for the Estimation of Radium, HI. 
iPay Method, y-Ray Method, Miscellaneous. C, Lind {J, 

hA.Ejiq. ('‘hem., 1920, 12. 409- 472. Compare A,. 1915, ii. 4B6 ; 
31*5. ii. 114). — The a-ray method is simifie and sufficientlv tru.ri- 
fonliy for many purposes, but it cannot take the place of a direct 
adinm estimation in such minerals as carnotite, pitchblende, etc. 
lie errors are due to variation in the amount of the loss of 
®iiinn emanation by ga.seous diffusion from the ore, to variation 
'-nthe radinm-uraninni ratio, and to the position of the radio* 
pw material in the individual grains of the ore. The y-method 
i rreivenient means of measuring radium in quantities above 
but the radium preparation must be confined in a closed 
for one month before the measurement is made, so that the 
^01. rxviH. ii. 16 
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-^.radiation will have reached a 

b£“« •? snrs- ,t) “• 

described. 

A • r, p? r ravimetric Estimation of Potassium. 

The Separation and G 24 ^ 547—550).- - 

S B IvL'ZiRiAN to replace platinic chlon^ 

Anilure perchlorate if potasamrn, Thetert 

for the separation and g ^ ft^Powing points are observed; The 

exact strength of „ Vo c.c. of water nsed for dis- 

that runs below .19 a,o. F y absolute alcohol should he 

,„lvi„g the in xed ^^^^ amouut of aniline perchlorate 

iuSOe.c ot ", ,vith constant shaking and set aside I nr 

chlorides drop b\ drop ,hic1usiou of potassium 

cue to two hours lietore i perchlorate method are tk 

chloride. The °'^Cn I pclassium perchlorate in 9,-,% 

time and the t perchlorate in place of perchloric 

alcohol. The use ol aiii^ I advaiitageons Ilian 

acid so shortens the puKPss ■ ccoaratioii and estimation oi 

any other method m ‘ppst means for the direct 

a;""". 

TS. errp.. 

oxides by Precipitates V)'>3^ - -A i^e(^ond precipitation 

iCon,pt. ra.r, llbiO 170- sufficient to remove all cal- 

with ammonium bydroMde r 9 precipitate. This niav 

einm hydroxide trom a fer u " ^ ^ ferric livdrox.k 

also be effected by The addition o-: 

a-ith a boiliny .1 . so at on the prccinw- 

oo^ of ammonium <hloii(le ^ carrying doivii 

tion of ferric hvdroxide docs ^ ,,^^5 „t>t prevent Ik 

y;rlSrs",”S-';:,v., .a »- 

E,tim»tlon oi Moroury. C 7,1, 

finely pow.lcred mercury Tarse sand is fust P aeje 

a tube closed at one end • f.,,.,ilv a laver of bme. and tlii 

S“:ir^^."Vbe^’^ecrofTb:'; 

volume of air expelledv"'^ "" mixed with the lim' 

presence of Tinicb sulphur, ‘ Uy addin a small proporho 

Uilst organic matter is oxidise<l b> adcUn^ a 
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(jf potassium chlorate to the sand. The distilled mercury is dis- 
solved olf the tube by hot nitric acid, and oxidised by means of 
jjotassium permanganate, the excess of which is removed with 
hydrogen peroxide, and the solution titrated with standard potass- 
ium thiocyanate solution, with ferric sulphate or nitrate (free 
from haloids) as indicator. The method is also applicable to 
uiercury in solution, the metal being precipitated as sulphide, 
jud the precipitate treated as described. [See, further, J. Soc, 
Ckan- 1920, 492a.] C. A. M. 

Petersen's Method for the Qualitative Separation of 
Cations of the Third and Fourth Groups. P. dk Pauw 

(Cht-ni: V>’etkhh'ul, 1920, 17, 191 - -192). — Various imperfections 
ju jpeterseu’s scheme (A., 1910, ii, G54) are pointed out and dis- 
(.'ii^sed. The following alternative scheme is proposed: To the 
acid hydrogen sulphide filtrate sodium sulphate solution is added, 
ft hereby barium, strontium, and calcium (in part} are removed as 
cdphates. The filtrate contains the ions Fe", Co”, Ni”, Mn”, Cr‘”, 
Zn”, Ca”, Mg”. Thi.s is treated with solid sodium carbonate 
jid so<iiinn hydroxide. Ammonia is boiled off, and sodimn sub 
added. All metals except alinninium are precipitated as 
^^aihoiiates, hydroxides, or sulphides. Dilute hydrochloric acid 
muoves Fe”, Mn”, Zn”, Cr”’, Ca”, Mg” as chlorides, leaving 
and cobalt as sid[)liidcs. To this ‘■olution is added solid 
fodiiiin carbonate and sodium hypochlorite. Zinc and chromium 
form ziiicoxide and chromate respectively, which may be sepa- 
rata bv means of larium chloride. The residue contains ferric 
V.droxide. hydrated mano-anese dioxide, calcium and magnesium 
iirhotiates. Thi.s is treated with acetic acid containing a little 

phosphate. A aobition of calcdnm ami magnesium a cet at e.s i:- 
Vaiiicd. The r('sidue is dissHjlved in sodium |iero\ide and nitric 
dl and the iron and tnanLunm-^e separated in the usual wav. 

W. S. M. 

Different Methods of Estimation of Manganese and their 
L'se ia the Examination of Plant Ashes and Similar 

.Products, D. H. Wkstkk (lur. Irav. chnn., 1920, 39, 4bl — 422). 
-Forthe estimation of smail armnnits of manganese a colorimetric 
idioi is acces^arv, and of the four methmls evami net! only one, 
■aiiidv, that of Mar-liall fcompare A.. 19<d, ii, iu which the 
raiuifse is oxidi'^e(l to permanganate bv jHilas-ium jiersnlphale. 
S'daid to he safisfactorv. The ]>rr-enee of small amounts of 
biic or acid or silver nitrate cjo not interfere with this 
i'difi'i. The amount of persul]ihate used has no intlumce. The 
in a water ltath for (he oxidation should not exceed thirty 
[''He;, The preseiiee of salts likolv to he found in ]dant adies 
interfere with the estimation, although it is prefer.ible 
chlorides by a preliminary evaporation with Milphuric 
If ferric salts are present to an extent of more that) 0-(Vi 
IdO c.cv, they may make if impO'^sible to carry out the 
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colorimetric comparison, and thus the method may not always be 
applicable to the analygis of soils. AV. G. 

Separation of Chromium and Manganese. M. Hbusch- 
kowitsch {Zeitsch. anal, Ohem., 1920, 59, 11 — 12). — The man- 
ganese and chromium are oxidised to pennaiiganate and chromate 
respectively, and their solution is heat^ on a water-bath for some 
hours with the addition of ainnioiiium sulphate and an excess of 
ammonia. The chromate remains unchanged, whilst the whole of 
the manganese is precipitated ; the precipitate is collected, washed 
with 5% juninouiiuu s\ilphate solution, then with hot water 
ignited, and weighed as W. P. g 

Separation of Tin and Antimony. Estimation of Th 
by Cupferron. A. Kllvo and A. Lassikur (Comp^ rend., 1920 
170, 1112 — 1114). — The antimony is separated from the tin 
precipitation with hydrogen sulphide in the presence of hydro 
fluoric acid. The antimony sulplude is collected, washed and 
redissolved in hydrochloric acid witli a little potassium chlorate 
The solution is filtered, and the antimony reprecipitated as its 
sulphide, which is callecte<l. dried at :100° in a current of carbon 
dioxide, and weighed. 

To the filtrate from the first p reel pit at ion of the antimony sul- 
phide, boric acid is added, and the liquid boiled with a little 
hydrogen peroxide. After cooling, a lih'o solution of cupferron is 
added, and the white precipitate which forms is collected, washes] 
with cold water, dried, and calidned. and the tin weighed as 
stannic oxide. The results olflaiiicd 1/y this iiiethoel are very satis 
factory. [See, further. ./. Xor. i'lifm. hal., 1920, 470a.] 

W. G. 

Estimation of Ethyl Alcohol in Mixtures of Alcohol, 
Sulphuric Acid, and Water. G. S. Hutlkr and W, B. Duvniclut 
(./. Sor. G/icu). Itul., 1920. 39, 146 -MTt).- The Ire© acid, that is. 
free sulphuric acid plus acirlitv due to ethvl hydrogen sulphate, i 
determined by direct titration wnth standard" alkali. The total 
acid present, including that which has undergone esterification, is 
determined by evaiioratiiig a weighed quantity of the alcoholic 
sulphuric acid with excess of standard alkali to a pasty consistence, 
heating in an air oven for halt an hour at 120*^, extractiiig vitl 
distilled water, and titrating the e.xee-s alkali with stamlard acid, 

By a simple calculation, from the two determinations, the acid 
esterified, and hence the alcohol present as ester, can be found 
The free alcohol is determined bv did illation, followed hv a densitv 
determination of the filtrate. ' E. H. R. 

The Action of Hydrocyanic Acid on Dextrose. J. Bougaclt 
and J. Pkrhtku {(’umpt. n-tnL, V020. 170. 1395 1397).-Tlie 
action cf potassium cyanide on ilextrf)?© may be used as a iiipans 
of estimating dextrose if an exco'^s of the cyanide is u.sed aixl the 
mixture i.« left for at least two days at 20® as the action i.s slow.. 
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fh© residual excess cyanide may then be estimated, or the change 
ill rotation, from [a]^ -f-53° of the dextrose to [ajp +1*87° of the 
fflacoheptonatefl., may be determined. 

If an excess of sugar is used with a deficiency of cyanide, the 
whole of the cyanide is destroyed in about ten hours at 20°, and 
the mixture is no longer toxic, W. G. 

Improved Method for the Estimation of Sug^ar in 
^jie Urine and Blood. F. J. Cammidgb {Lancet, 1919, 1, 939). — 
pnrther experience with the volumetric method for the estimation 
yf tiiiaar (A., 1917, ii, 276) has confirmed the accuracy of the 
given with quantities above 0'5%, but with percentages 
hclow that amount too low a reading may be obtained unless 
(ui'th©!' precautions than tberse described are taken against oxida- 
lion. espet'ialfy in warm weather. When a urine is expected to 
roiitain a low percentage of sugar, under 0-5%, and with all blood 
and other fiuid.s containing Hinaller aniount.s. the water to which 
iodine .^ohition is to be added should be thoroughly boiled, to 
exnel dissolved air, and coole<l imniciliatelv before the estimation 
p to be made. Tt is also advisable that the alkaline copper solu- 
tion for sugar estimations with urine be boiled in a small conical 
lladu provide'! with a loose funnel as a stopjier. instead of in a 
h.aker as previously dcscribe<l. and that the recpiired amount of 
urine 1)© run into the boiling jluid from a pipette when the air 
iliisolved in the sol nt ion and contained in the fia.sk has been 
expelled. With bloml. ete,, the 7’.“) c.c, of nitrate and 1 c.c. of 
incdified Benedict solution are added after they have boibnl for a 
fiw second';. Tile water used for diluting the iodine solution and 
for wadniii'g mit the fiasks. etc,, should have been re<y>iitly boile<i 
and cooled. With tlu-e additional I'i^rcaiitions the iiietho<l gives 
iinifornilv trust wort hv figure^, even with the :-inall ainnunt- of sugar 
in normal urine and Mood. (hinviCM. Aiistiiacts. 

Proximate Analysis of Coniferous Woods. W. H, Dore 

iJ.JiuI. J'na. f 1920. 12, -170 {79b iMetho(is are given for 

M r-stii.'iation of loss on drving b'en7ei:e extrirr. ah'ohol extract, 
ellulose. lignin, soluble pento^aiN. man nan. and galactan. Fre- 
i!!ii!i;!rv hvdrolv-i-; is omitted hi tlie cvfjmation of the crllnlrse 
ind ligiiin : soluble pentn-aU'^ are e'-t!ii!at<:‘d in the chlorinat'on 
!i(i«r)r«, and luannan and galactan on separate portions of the 
original inateriab Anah><>s n' n-dwor*^!. V|>!!n\v nine, and sugar 
pire show (hat the sum of the const ltnen!«. as found bv the above- 
iiienunned methods, is slight Iv {)vor in every case. 

W, ?. S. 

Colorimetric Estimation of Lactic Acid in Urine. 

biiovrtws.Ki (t\impt. rmrl. Sn<\ Jii'L. lObifi 73. -177: from 
t'liiw., 1920. fvii]. 21, 119 {'>ib|, The urine is daritiwl 

bvadflnig from 1 to 3T of egg albnndn and precii itating tliis with 
•odiiiui iiietatdinsphaf e and dilute' subdiuric acid. One of the 
d‘W iinne {.• then trcate.l with o c (V of ('oiiccntratiN] siiljihun’c 
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acid (added slowly to prevent heating) and 5 drops of a 1% codeine 
solution (in alcohol), and the yellow coloration obtained is com- 
pared with those of standards containing known amounts of lactic 
acid. The results are trustworthy only when not less than 0*001% 
or not more than 0-01% of lactic acid is present. W. P. S. 

Identification of the Cinnamic Ion by means of the 
Oxyferric " Catalyst [a Ferric Salt + Hydrogen Peroxide]. 

G. Dknigks {liitU. phann. Banhanx^ 1919, 57, 209 — 212).— 
In the case oi free cinnainic acid or a cinnamate, as little as 0-0'J 
urajii of the acid in 1 litre of solution can be detected by adding 
1 drop of ferric chloride solution to 2 e.c. of the solution to be 
tested, boiling, and adtling 1 drop of hydrogen peroxide (6-d() 
vols. oxygen)', when the odour of beiizaldehyde is observed after 
shaking "for about ton seconds. The sensitiveness of the reaction 
IS increased bv adding 1 drop of 10% sul]ihuric acid with the ferric 
chloride solution ; thi^ procedure also serves for the identification 
of a ciniianiate. In the case of a cinnamic ester one drop (i' 
liquid) or several particles (if solid) of the sample is boiled fo 
twenty to thlrtv sceoiiu^ with G -S c.c. of dilute sodium hydroxid 
solution; the .-olution while hot is acidifed with 10% sulphuri 
acid. 1 drop of ferric chloride solution is added, the mixture i 
boiled, treated with 1 drop of hydroiren ])€roxide solution, aiu 
a- 2 ain builcd. wherchv the odour of bouzaldehyde is produced. Thi; 
methodi also serves to detect tho t)i'osence of cinnamic acid ii 
complex mixture^, -uch as Peru anti Tolu balsams. 

CnKMlC-M. Abstu.wts. 


Estimation of Salicylic Acid in the Blood and its Actioi 
on the Heart. C. FninKutcusKS f.lrrh. txpi. Path. Pharm., 191? 
80, ‘23;;i- -2-)9). A iiucro-incthod foi- the estimation of salicvlic ahl 
ill blood. The Mood is al 'sorbed liv a small pieiv of hlotfiiis; 
jiapcr (aUnit 2dti in^.t, ami weighed in a torsion balance. The 
oaper is then introduced into a test-tiiiie. to which 10 c.c. of :i 
boiling solution of calcium chloride ooiitaining I'o o.c. of 
hydrochloric add per litre is atlded. Tt is allowed to remain in 
contact with the solution for three hours. The culeinm chloride 
solution is extracted with ether. The ether is just evaimrated on a 
water hath .at .d'J 33", and anv trac^K left removed by mean- ef a 
stream of air. The salicylic add is dissolved in water and 
fstimatrd colorimetrii'allv, Kmploviug thi- metliod the uistnlni- 
tion of salic'.dic afid in the serum and in the blood coiquisch's, as 
well as the action of various doses on the heart, wa- studied, the 
result- of which are rcconled in the communication. ts, S!, Z. 


Two Procedure? for the Estimation of Alkali Nitro 
prussides. Lk IIkr (Bali Bor. phnrm. Bordeaux, 1020, 56, 12— Kd. 
— A solution of I'd gram of sodium nitroprusside in 50 o.c. of water 
is filtered and .59 <’,c. ('fe) (d the fdlrate are neutralised with 
sulphuric add and treated with an excess of a ferric salt. The 
precipitate of Pnisdan bine i.-; collected, washed with hot walei 
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(these washings are discarded), then several times with a 20% 
sodium hydroxide solution, and again with water, the combined 
[iltratca containing sodium ferrocyanide arc acidified with sul- 
phuric acid and titrated with O'LT-pernianganate (1 c.c.=0'03382 
of sodium nitroprusside)- 

In the second method a solution containing not more than 
0'4O grum of sodium nitroprusside is treated in a 100 c.c. flask with 
30 C.C. of O’LV-silver nitrate, water is added to the mark, and, 
after shaking, the lic^uid is filtered and the excess of silver nitrate 
ill the filtrate and washings is estimated bv Deniges’ silver cyanide 
method. Giiewical Austhacts. 

DiSerentiation of Vanillin and Heliotropin, A. Labat 

{Bull. Soc. pharm, Bonhau.r, 1919, 57, 259—260). - To 2 c.c. of 
sulphuric acid (t) I'SI) are added O’l c.c. of an alcoholic solution 
q{ vanillin or heliotropin and Od c.c. of an alcoholic solution of 
gallic acid (20%), and the mixture is boiled on a water-bath for 
tAvo or three minutes. In the case of vanillin, the liquid will 
assiiiiie a yellowi.sh-brown or brown colour, whereas the liquid 
('outaiuing heliotropin will be colon rerl blue or emerald-green, 
depending on the quaiititv of heliotropin present. This reaction 
I'prves to detect heliotropin in quantities as small as O’OOOOo 

Chemtcai, Austracts. 


The Nitrosoindole Test. d. Groenewkoe (Med. Gencesk. Lab., 
Kdifireden. 1910, [iii], A, 177- d93).— The red coloraficn ob- 
tained when a peptone culture of certain bacteria is treated with 
a drop of mineral acid is due to the pre.scnce of nitrate in the 
Tteptone, and there is no need to add nitrite Ix-fore the coloration 
fjti be obtained. Tf the peptone inedium i> inoculated previou-lv 
with a denitrifying organism, the nitrate is reduced to nitrite and 
tbp latter to ammonia nr nitrogen, and the medium no longer 
vidds a nitroscindole reaction when used for the culture of the 
pr^anisnis TiieiHioned (cholera vibriones, etc ). ronvprsclv. the 
w:>loue medium freed from nitrate and nitrite a- devcril^ed mav 
•■»i!sed for the detection of traces of uiirnte; tlie substance to be 
lesH i- added to the medium, which is then inoculated Avith an 
ori'uiiun rapal)!e of giving a nil rosoiii dole reaction. \V. P, S, 


Analytical Characters of Dimethylaminoantipyrina 

'Pjramidone). dnAN A. Sanchez (dun/. Ovjdu, drgentinn 
6. 422 428, ol,2 ,)2n, Abarious oxddising agents impart a 

colour to .solutions of pvraniidoiie. Tlie acti-m of iodic aci<l 
i' ■l■u’Uiiativ^, racdi atom of oxvgpu acting on one molecule of 
UNii tiHie : when a '•oluti^ui of the ba.se treatt^l with excess 

;'dic acid, iodine is liberated after a few iuiuut<><. Bv means 
di;- reaction the puritv of i)vrami<lojie mav Im determined 
'■^tiiiif'tricallv : Oo), 1, Im. 2, 2'o. aiul 3 (vc. of a Odd solution of 
Jidard pvranndone are treated in cvlinders with w.ater to 3 c.c. 
'ih. one drop of concentrated sulphuric acid, and 2 c.c. of 1% iodic 
^<1 solution. After live minutes, 5 c.c. of chloroform are added to 
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each tube, and the liquid well shaken. The sample to be tested is 
treated in the same manner, and the intensity of the violet colour 
of the liberated iodine in chloroform in each series of tubes 
compared , 

Antipyrine is without action on iodic acid, but absorbs iodine- 
an admixture of 20% of antipyrine is sufficient to prevent the 
liberation of iodine by pyramidone. Distillation of pyramidonp, 
with ferric chloride or the theoretical amount of iodic acid yields 
formaldehydoi. derived from the oxidation of a methyl group. To 
detect pyramidone in presence of large quantities of antipyrine 
.Y lO'silver nitrate is recommended. This produces after five 
minutes in the cold, but quickly on warming, an intense bluish^ 
violet coloration. 

Pehizzari's reaction (combination of antipyrine with form aide, 
hyde) can be used for the quantitative separation of antipyrine 
and pyramidone; 5 c.c. of the aqueous solution of the two bases 
are left for four days with 5 c.c. of formaldehyde, 2 c.c. of hydro, 
chloric acid, and 2 c.c. of water; the liquid is made ammoniacal 
when a precipitate of methylenedi antipyrine is obtained. The 
filtrate is treated with chloroform to extract pyramidone. 

To detect small quantities of antipyrine in pyramidone, a littk 
of the powder in a porcelain dish i? submitted to the action of 
nitrous fumes from sodium nitrite and s\dphuric acid; the anti, 
pyrin e crystals will acquire a persistent green colour, whilst pyr- 
amidonc is coloured violet, although only transiently. To prove 
the presence of pyramidone in colon tkI or syrupy liquids, 10 c,e. 
are made alkaline with ammonia and shaken with chloroform. The 
separated extract is evaporated to dryness, and the residue dis- 
solved in water and tested with silver nitrate. Pyramidone iitav 
be titrated with .V '10-snlphuric acid in presence of methyl- orange. 
0-231 gram of pyramidone requiring 10 c.c. of the acid for neidral- 
isation. W. R. S. 

Excretion of Quinine in the Urine. M. Nikeensteix (Extract 
from Observations on Malaria, War Office, 1919, pp, 1 — 79. Com- 
pare A., 1919, i, 236).— The thalleioquinine test can only he 
regarded as a valuable positive test for quinine, a negative rmilt 
in no w-ay indicating the absence of the drug. Many other quali- 
tative tests for quinine were investigated, but the only one whicli 
is regarded as quite tnist worthy is Ramsden and Pipkin's tech 
nique for carrying out Tlerepath’s test. Encouraging results were 
obtained with Robertson^ te^st. Tn testing for quinine in urine 
the picric acid te^t is recommended for clinical use. 

The estimation of quinine in urine was slmlied verv completely, 
and the author obtained the best result. s with Barratt and York’s 
modification of Giemsa and Schaumann’s method. By this Tncthod 
the excretion of quinine was fully studied. J. C. D. 




